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ABSTRACT 
Selected Code-Related and Language-Related Factors on Reading Comprehension for 
Deaf and Hard of Hearing Students 
Jodi L. Falk 
 
 
This study examined the interrelationships among English language structures 
(phonological knowledge, morphological knowledge, silent word reading fluency) and 
reading comprehension in a group of 45 deaf and hard of hearing students in grades 3 to 
8, taking into account their demographic characteristics.  Simple Pearson correlations, 
multiple regression analyses, and an independent samples t test were used in this study.  
Results indicated that morphological knowledge was the significant variable positively 
associated with reading comprehension over and beyond the other predictors 
(phonological knowledge and silent word reading fluency) and the demographic 
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Purpose of the Study 
The main purpose of this study was to investigate selected components of code-
related and language-related structures that impact the development of English reading 
skills in deaf (d/Deaf) and hard of hearing (d/Dhh) students.
1
  This study examined the 
interrelationships among selected code-related and language-related English language 
structures
2
 (phonological knowledge, morphological knowledge, silent word reading 
fluency), as well as reading comprehension in a group of d/Dhh students in grades 3 to 8, 
taking into account any effects of their demographic characteristics.  The factors chosen 
for this research study were based on empirical research in the fields of education of the 
d/Dhh and general education.  A secondary goal of this study was to show evidence of 
the relatedness between English language and reading and, therefore, support English 
Language Arts (ELA) curriculum development for d/Dhh students.  
 
                                                        
1
 The guidelines of the Individuals with Disabilities Education Act promote “person first 
language” when referring to students with learning disabilities.  However, in the field of 
deaf education, the terms d/Deaf students and teacher of the d/Deaf are considered the 
norm because they are identifiers for the d/Deaf community.  Use of a capital “D” in 
Deaf represents deaf culture, whereas a lowercase “d” denotes audiological deafness 
(Berchin-Weiss, Falk, & Egan Cunningham, 2016). 
 
2
 The term language structures in this research study refers to English language 




Reading levels of d/Dhh students.    As stated by many researchers in the field of 
education of the d/Dhh, the reading levels of d/Dhh students are well below those of their 
hearing peers (Easterbrooks & Beal-Alvarez, 2012; Trezek, Wang, & Paul, 2010).  
Despite the plentiful of research, methodologies and practices, reading levels have stayed 
at the fourth- to fifth-grade ceiling for d/Dhh individuals 18 years of age and older for 
more than 100 years (Wang, 2010).  In McAnally, Rose, and Quigley’s Language 
Learning Practices with Deaf Children (1994), the authors stated, “these results are not a 
reflection on the intellectual abilities of deaf individuals.  Rather, they are the result of a 
number of factors that influence the acquisition of reading skills in deaf students” (p. 
148).  Those factors include a lack of internalized language base, lack of prior 
knowledge, and ineffective instructional strategies (McAnally et al., 1994).  Paul and 
Quigley (1990) and Paul (1998) discussed more reader-based variables that have 
attributed to poor reading scores for d/Dhh students, including issues with metacognition, 
inferencing, and internal coding systems.  
Internalized primary language.  Normal language development can happen when 
children have natural conversations, also known as “incidental learning,” during their 
early childhood years (Schirmer, 1994).  Typically, the adults in their lives are the 
language models, regardless of whether the language is spoken or signed (Schirmer, 
1994).  However, 3.33% of d/Dhh children are born to two deaf parents and 1.07% are 
born to one deaf parent (Mitchell & Karchmer, 2004).  Furthermore, of the total d/Dhh 
students identified by the Regional and National Summary Report of Data from the 
2011–12 Annual Survey of Deaf and Hard of Hearing Children and Youth (Gallaudet 
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Research Institute, 2002), only 21.02% of the families sign regularly with their child at 
home (Mitchell & Karchmer, 2005).  Many d/Dhh students have not internalized a 
primary language before receiving reading instruction and are therefore being instructed 
in language and reading concurrently.  In contrast, typically developing hearing students 
have been acquiring and developing spoken language for years before entering school 
and beginning reading instruction (McAnally et al., 1994).  
Prior knowledge.  One important cognitive task that readers do to comprehend 
text is make connections based on previous experiences.  Although d/Dhh students have 
had experiences, those “experiences often have not been linked to language” (McAnally 
et al., 1994, p. 149).  Paul and Quigley (1990) stated, “prior knowledge is extremely 
important for the development of …reader based skills such as inferencing and 
metacognition” (p.185).  Prior knowledge is the basis for which readers can draw from to 
use good reading comprehension strategies such as make inferences and self-monitor 
while reading.  
Internal coding systems.  Good readers recode printed words into a phonological 
code in their working memory (i.e., short-term memory) (Paul & Quigley, 1990).  Rapid 
automatic naming (RAN) is the process of taking code-related information, 
comprehending the text using memory, and naming it quickly (Hudson, Pullen, Lane, & 
Torgesen, 2009; National Reading Panel [NRP], 2000).  This process of recoding 
supports the comprehension of semantic, syntactical, and morphological structures of the 
English language.  Paul (1998) explained that “the short term working memory of 
individuals who are deaf is not deficient per se, but rather, might not be equipped to 
handle verbo-sequential information effectively” (p. 89).  When d/Dhh students do not 
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have access to auditory or visual input of English language to develop a phonological 
code, the recoding process is deficient.  
Instructional strategies.  McAnally et al. (1994) pointed out that many of the 
instructional approaches used to teach decoding to students are rooted in auditory skills 
and, because that may not be effective for d/Dhh students, instructors avoid teaching 
decoding instead of finding an alternative method of instruction.  Moreover, Paul and 
Quigley (1990) stated that “most ‘d/Dhh’ students are probably not exposed to a 
consistent, reliable model of English grammar” (p.188).  However, there is an 
instructional method of teaching phonics to d/Dhh students called “See the Sound”–
Visual Phonics (VP; International Communication Learning Institute, 1982).  This 
method has been described as “…a multisensory instructional tool designed to clarify the 
sound-symbol relationship between spoken English and print” (Beal-Alvarez, Lederberg, 
& Easterbrooks, 2011, p. 40).  VP uses hand shapes as a visual representation of auditory 
phonemes.   
English and reading research with d/Dhh students.  There is a need for more 
empirical research investigating all the components of English code-related and 
language-related structures (phonology, morphology, semantics, syntax, pragmatics) and 
reading comprehension of d/Dhh students.  Within the body of empirical research 
studying English language and reading comprehension for d/Dhh students, most of the 
studies investigated correlations between one or two language components in relation to 
reading comprehension; empirical research on all of the components of language 
structure in relation to reading comprehension scores was rare.  Moreover, many of the 
English language studies investigated one component of language structure using an 
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intervention as an independent variable; however, the relationship with reading 
comprehension had not been studied.  The intent of this study was to investigate two 
English code-related components (phonological knowledge and silent word reading 
fluency) and one English language component (morphological knowledge) to study 
predictors that improve reading comprehension scores for d/Dhh students.  
Components of code-related and language-related structures.  The objective 
of a linguist is to make explicit what is already internalized in a native language user.  
Most linguists agree that there are four main components of language structure: 
phonology, morphology, semantics, and syntax (McAnally et al., 1994).  Other language 
experts would include pragmatics as a fifth component of language structure.  In current 
research, studies have further categorized the components of English language structures 
as either code-related or language-related skills.  Phonology is a code-related category, 
whereas morphology, semantics, and syntax are in the language-related category (Trezek 
& Hancock, 2013).  These code-related and language-related components, as explained 
by linguists, are described below.  
Phonology.  Phonology is the study of the sound systems of a language.  
Linguists and language specialists define phonology in similar fashions but with varying 
degrees.  Phonology was described as the study of the sound system of both a spoken 
language (Lindfors, 1991; Parker & Riley, 1994) and a written language (Balmuth, 1982).  
Yule (2006) defined phonology as “the description of the system and patterns of speech 
sounds in language” (p. 43).  It can be agreed that phonics is letter-sound correspondence.  
Each individual sound is called a phoneme.  Although the English language has 26 letters, 
there are 44 phonemes.  Furthermore, some English words may have the same sound but 
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be spelled differently.  The phonemic alphabet was developed so that the 44 phonemes 
have a written symbol (Parker & Riley, 1994).  Whereas a phoneme is a unit of sound, a 
grapheme is a unit of written language (NRP, 2000).  Graphemes are used to spell words 
and can be either one letter (e.g., S or H) or two letters (e.g., SH).  Graphemes are written 
symbols for phonemic sounds (NRP, 2000).  In contrast, in the manual mode of 
American Sign Language (ASL), phonology has been explained as the signs’ hand shape, 
location, palm orientation, and movement (Valli & Lucas, 1992).  VP is an instructional 
tool that has been used to teach phonics to d/Dhh students.  Auditory phonemes are 
taught by using manual hand shapes (International Communication Learning Institute, 
1982).  
For typical speakers/listeners of a spoken language, phonological knowledge is 
automatic and unconscious to the native user.  Despite the physical movements involved 
in speaking (i.e., tongue placement, vocal-cord vibration, lip position, air flow), 
phonology is a process occurring “in the mind” rather than “in the mouth” (Lindfors, 
1991; Yule, 2006).  Phonology has been described as a cognitive task (Trezek et al., 
2010).  It is the awareness that the spoken words are broken down into smaller parts, also 
known as the “knowledge of the alphabetic principle.”  
Morphology.  Morphemes are the smallest unit of meaning in a language.  They 
can stand on their own as a root word, such as the word paper, or be added to root words, 
such as the -s in the word papers.  In the second example, the -s changed the meaning 
from singular to plural. Yule (2006) identified these two different morphemes as free and 
bound: “Free morphemes stand by themselves as single words.  Bound morphemes 
cannot normally stand alone and are typically attached to another form” (p. 63).  Yule 
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further explained that free morphemes are grouped into two categories: lexical 
morphemes and functional morphemes.  Lexical morphemes are nouns, adjectives, and 
verbs and “carry the ‘content’ of the messages we convey” (p. 64).  Functional 
morphemes are “conjunctions, prepositions, articles and pronouns” (p. 64).   
Bound morphemes are also divided into two categories: inflectional morphemes 
and derivational morphemes (Lindfors, 1991; Yule, 2006).  When an inflectional 
morpheme is added to a free morpheme, it can alter the original meaning of the stem 
word.  The function of the inflectional morpheme is to indicate grammatical information, 
such as plurality, tense, third person singular, possession, comparative, and continuous.  
The English language has eight inflectional morphemes, all of which are suffixes: noun + 
-s or s; verb + -s, -ing, -ed, or –en; and adjective + -est or -er (Yule, 2006).  Derivational 
morphemes are bound morphemes that can either create a new word or change the word 
class or grammatical category (Lindfors, 1991; Yule, 2006).  For example, re- can be 
added to a basic word to indicate recurrence, as in redo.  The morpheme -ful can be 
added to a noun (play) to change it to an adjective (playful).  Lindfors (1991) noted 
another category of morphemes: compounds.  Compound words are when two free 
morphemes are put together and create a completely different meaning, such as fireworks 
or keyboard.  
Semantics.  Semantics is the study of the meanings of words, phrases, and 
sentences (Parker & Riley, 1994; Yule, 2006).  Crabtree and Powers (1991) (as cited in 
Valli & Lucas, 1992) defined semantics as “the study of meaning; how words and 
sentences are related to the (real or imaginary) objects they refer to and the situations 
they describe” (p. 3).  Semantics is complex for many languages.  Most words not only 
8 
 
have a prototype meaning but also have multiple meanings.  For example, the word book 
may mean bound pages for reading, or it may mean making a reservation.  Furthermore, 
words trigger personal experiences that bring to mind associate words or experiences.  
These categories of experiences and background knowledge are called “schema.”  For 
example, if someone were to think about the word pet, they may think about their own 
pet dog or perhaps different kinds of pets.   
This entire system, in which words are stored in the brain in schematic categories, 
is called the mental lexicon (Aitchison, 1990).  The mental lexicon is a labyrinth.  The 
prototype words, words with multiple meanings, associate words, and experiences 
regarding those words are connected more like a web than an organized file cabinet 
(Aitchison, 1990).  Moreover, users of a language need to retrieve these words from the 
mental lexicon for both production (expressive communication) and comprehension 
(receptive communication).  Aitchison explained that the mental lexicon system is so 
complex that other language structures and cognitive functions and operations are also 
involved in the process of production and comprehension.  It is an intersection of both 
language and cognition.  
Syntax.  McAnally et al. (1994) defined syntax as “word order or the way in 
which words are organized in sentences” (p. 1).  Syntax is a language’s grammar system; 
the rules of that system govern how words in a sentence are organized (Yule, 2006; 
Trezek et al., 2010).  Many linguists have researched the seminal work of Chomsky on 
the word order rule system or generative grammar.  Chomsky (as cited in Yule, 2006) 
wrote, “I will consider a language to be a set (finite or infinite) of sentences” (Chomsky, 
1957, p. 13).  Although the number of grammatical rules is finite, users of a language 
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may express an infinite number of sentences that follow those rules.  The components of 
syntax include sentence, noun, verb, article, noun phrase, verb phrase, adjective, pronoun, 
proper noun, adverb, preposition, and prepositional phrase (Yule, 2006).  Native users of 
a language may not know the rule that governs sentence order, but they will recognize 
when something is expressed incorrectly from a grammatical standpoint (Valli & Lucas, 
1992).  
Pragmatics.  Pragmatics is a fifth component of language structure that has 
recently been researched by linguists.  Yule (2006) explained pragmatics as the study of 
an “invisible” meaning.  McAnally et al. (1994) defined pragmatics as “how language is 
used to gain what is wanted from the environment and to express communicative intents” 
(p. 2).  It is the shared understanding of the underlying meaning of words that native 
users comprehend.  For example, the tone of voice can alter the meaning of a sentence 
from a statement of fact to a question or even to sarcasm, as in the sentence, “You want 
to go to graduate school.”  The word order is the same but the tone of voice can alter the 
intent as a declarative sentence, a question, or a question with sarcasm.  Depending on 
how a user communicates their intent, other users may find it impolite (Yule, 2006).  
Pragmatics is important because it is the social component of a language and therefore 
shapes how users of that shared language interact with one another.  
Communication philosophies.  In the field of education of the d/Dhh, numerous 
communication modalities are used to communicate with and instruct students.  
Depending on the communication philosophy of the school, the individualized instruction 
program mandates, or the teacher’s discretion, it is possible to see a variety of modalities 
being used during the d/Dhh student’s school day.  In the 2011–2012 regional and 
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national survey conducted by the Gallaudet Research Institute, the primary modes of 
communication used to teach students were reported as follows: spoken language only 
(51.8%), spoken language with cues (15.5%), sign language only (15.2%), simultaneous 
communication (SIMCOM; 13.3%), and other (4.2%) (Gallaudet Research Institute, 
2013).  
Oral/aural.  Moores (2001) described the oral/aural method as follows: “children 
receive input through speech reading (lip reading) and the amplification of sound, and 
they express themselves through speech” (p. 13).  According to Moores, programs that 
serve students with cochlear implants focus more on auditory-aural methods, decreasing 
dependence on the visual mode.  
Bilingual/bicultural.  The Bilingual/Bicultural (BiBi) method, as described by 
Moores (2001), is “ASL for all ‘through the air’ communication and uses English for 
reading and writing…. Speech, auditory training, and manual codes of English are not 
used in the classroom, but speech and auditory training may be provided on an individual 
basis” (p.13).  In the BiBi model, ASL and English are given equal value as full 
languages.  In this approach, ASL is the language of instruction.  Spoken English is 
taught outside of the classroom in speech therapy, and written English is taught through 
print instruction.  The BiBi approach was a response to grassroots efforts by Deaf 
educational leaders to recognize Deaf culture and ASL in their search for a new 
communication methodology in d/Dhh education (Simms & Thumann, 2007).  Although 
the origins may have been fueled by a critical theory paradigm due to the view of d/Dhh 
as an oppressed group, as in the Mask of Benevolence, by Lane (1992), and Pedagogy of 
the Oppressed, by Freire (1968, 1992), the scientific community has become more 
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involved in recent years.  In particular, research at the Science of Learning Center at 
Gallaudet University has been conducted on visual language and visual learning (VL2), 
investigating language, learning, and the brain.  This research is currently being studied 
to implement change from a BiBi model to a Bilingual-Bimodal model.  In the Bilingual-
Bimodal model, ASL and spoken English are both used in the classroom at different 
times of the day (Nussbaum, Scott, & Simms, 2012).  
Total communication.  Total communication (TC) utilizes all modes of 
communication in a school setting and allows educators to decide which mode meets the 
needs of the students in their care.  Part of best practices in the field of education of the 
d/Dhh is being skilled in the language of the students (Easterbrooks, 2010a).  However, 
many educational settings that reportedly have a TC philosophy are actually using 
SIMCOM as the primary mode of communication (Moores, 2001).  In fact, TC does not 
mean SIMCOM.  
 Simultaneous communication.  The concept of SIMCOM originated when 
educators of d/Dhh students took signs from ASL and put them in English word order.  
Supporters of SIMCOM explained that d/Dhh students had access to both spoken and 
visual, through-the-air language (Akamatsu & Stewart, 1998).  They viewed SIMCOM as 
beneficial because it provided the visual sign as well as the English grammar.  However, 
from a different viewpoint, other researchers found that SIMCOM was not a naturalistic 
language.  They believed SIMCOM to be an artificial and contrived communication 
mode, not quite English and not quite ASL (Baker, 1978; Marmor & Petitto, 1979).  
Countering that view, Mitchell (1982) stated, “There is no general law which states that 
all functional things have a history of natural evolution.  There is no logical implicit 
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reason why contrived systems of communication should be less functional than ‘natural’ 
languages” (p. 332).  
Cued speech.  Cued Speech is a manual-visual mode of communication that uses 
hand shapes to represent phonemes of spoken language.  The hand shapes are placed near 
the mouth to provide the d/Dhh user a “cue” of the “phonemic information of spoken 
language” (p. 85).  Koo, Crain, LaSasso, and Eden (2008) reported that it is a small group 
of d/Dhh individuals that use cued speech and that the national survey by the Gallaudet 
Research Institute (2013) reported that “0.3% of more than 37,000 deaf and hard-of-
hearing students use cued speech” (p. 85).  
Theoretical framework.  This study is guided by the theoretical construct of 
interactive reading theory, also known as the comprehensive model.  The interactive 
reading theory combines components of two other approaches to reading development: 
bottom-up and top-down methods (Paul, 1998).  Theorists of a bottom-up approach view 
the text as the most important component of the reading process.  Auditory (i.e., speech) 
and visual (i.e., print) stimuli begin in the smaller units of letters and phonemes.  In a top-
down framework, the reader’s prior knowledge is the most important component for 
reading comprehension.  Instead of an either/or dichotomy, the interactive approach 
views reading as complex, where readers use both bottom-up and top-down approaches 
simultaneously (Kamhi & Catts, 2012).  Paul (1998) explained that there is an interactive 
process between the reader and the text.  A well-known model of reading is Chall’s 
Stages of Reading Development (Trezek et al., 2010), which follows the tenets of the 
interactive theoretical framework.  The concept of stages or developmental models is that 
students’ cognitive and reading abilities are very different at different ages.  Therefore, 
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curricular decisions that are made in the teaching of reading should be different in early 
and later grades (Indrisano & Chall, 1995).  Trezek et al. (2010) also noted that, in 
addition to being a hierarchy, Chall’s stage theory is interactive and students may move 
through the stages at different rates.  
Reading comprehension.  The definition of reading comprehension is complex.  
The NRP (2000) stated, “reading comprehension has come to be viewed as the ‘essence 
of reading (Durkin, 1993)’” (p. 4-1).  Kamhi and Catts (2012) stated, “Not only are there 
different levels of understanding (e.g., basic/literal, elaborated/analytic, and highly 
elaborated/creative), but comprehension, especially deep understanding, also depends on 
thinking and reasoning processes that are specific to a discipline or subject area (Kintsch, 
1998; RAND Reading Study Group, 2002; Snow, 2010).  A definition of comprehension 
must reflect the processes as well as the products of comprehension” (p. 147).  Trezek et 
al. (2010) further explained reading comprehension as being inclusive of both word 
recognition and language comprehension.  Word recognition is a “prerequisite” for 
reading comprehension, but knowledge of language components is a necessity for 
“proficient comprehension” (p. 140).  
 Predictors of reading comprehension.  The empirical research studying the 
interrelationships between code-related and language-related structures and reading 
comprehension has shown evidence that reading comprehension is a complex process.  
The NRP (2000) explained that most of the research on reading comprehension 
conducted in the past 30 years found that readers used both print knowledge and language 
knowledge to derive meaning from text.  It has been suggested that instead of a piecemeal 
approach, in which only one component has significance, a more layered view may be 
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used.  Reading comprehension skills rely on both code-related (i.e., phonology) and 
language-related (i.e., semantics, morphology, syntax, pragmatics) development.  Several 
studies have investigated code-related and language-related skills within the general-
education population, showing evidence of both being statistically significant predictors 
of reading comprehension (Apel & Diehm, 2013; Dickinson, McCabe, Anastasopoulos, 
Peisner-Feinberg, & Poe, 2003; Goff, Pratt, & Ong, 2005; Kieffer & Lesaux, 2012a; 
Kieffer & Lesaux, 2012b; Nagy, Berninger, & Abbott, 2006; National Early Literacy 
Panel [NELP], 2008; NRP, 2000; Roman, Kirby, Parrila, Wade-Woolley, & Deacon, 
2008; Storch & Whitehurst, 2002; Vellutino, Tunmer, Jaccard, & Chen, 2007; Verhoeven 
& Van Leeuwe, 2008).  These studies are discussed at length in Chapter 2. 
There is some empirical research studying code-related and language-related 
structures in relationship to reading comprehension in the education of the d/Dhh.  
However, results are mixed.  There is a need in the field to look at all areas of English 
code-related and language-related structures in relationship to reading comprehension 
skills for d/Dhh students.  Studying the predictors of English code-related and language-
related components in relation to reading comprehension skills may provide insight to 
stakeholders in the education of the d/Dhh.  
 Demographics and code- and language-related constructs.  Some researchers in 
the field of education of the d/Dhh have discussed the implications of demographic 
information and its impact on code-related and language-related skills, particularly the 
communication mode or primary language of the d/Dhh reader (Koo et al., 2008; 
McQuarrie & Parrila, 2014).  Koo et al. studied phonological awareness with both d/Deaf 
and hearing participants.  The study included d/Deaf participants who learned spoken 
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English through visual modes of oral communication and cued speech, as well as users of 
ASL.  The relationship between text comprehension and phoneme detection was not 
significant for the d/Dhh-signing group.  However, fluency and text comprehension were 
significant for this group.  Mode of communication is a demographic variable that may 
need to be considered when selecting appropriate assessment tools to measure predictors 
of reading comprehension.  
McQuarrie and Parrila (2014) also studied phonological awareness for d/Deaf 
readers.  The demographic characteristic of interest was use of dual languages (ASL and 
English text).  This study looked at reading instruction using a dual-language approach.  
As discussed earlier, many d/Dhh students are learning language and reading 
concurrently.  McQuarrie and Parrila stressed the importance of examining students’ 
prerequisite language foundation, which supports their hypothesis of reading, known as a 
“qualitatively different hypothesis.”  They explain the term as a “reading process for 
bilingual deaf readers—one centered on the relationships among sign language 
phonology, lexical restructuring, and written-language literacy acquisition” (p. 381).  
Mode of communication as a demographic may be an important variable to study in 
future research on reading skills for d/Dhh students.  
 
Research Questions 
This study was guided by the following research questions: 
1.  What are the interrelationships among the variables (phonological knowledge, 
morphological knowledge, silent word reading fluency, and reading comprehension)?  
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2.  Which of the variables (phonological knowledge, morphological knowledge, 
silent word reading fluency) emerges as a significant predictor of reading comprehension 
above and beyond the others?  
  3.  What are the interrelationships among demographic variables, English 
language components, and reading comprehension assessments?  
 
Contribution of the Study 
 This research study advanced the literature on predictors of reading 
comprehension for d/Dhh students.  It investigated the relationship between English 
code-related and language-related development and reading comprehension.  The 
contribution of this study to the field of d/Deaf education could be great.  Furthermore, 
ELA curricula could be developed based on the results.  Educators of the d/Dhh spend a 
great deal of time focusing on ELA requirements.  If the field had information regarding 
the most salient English code-related and language-related predictors of reading 
comprehension, newly developed curricula might break down the components, allowing 








 This chapter reviews the theoretical framework of the research, as well as the 
empirical research on code-related and language-related structures of reading 
comprehension in both general education and deaf education.  
 
Theoretical Framework 
Reading development theories.  Three main reading development theoretical 
frameworks are used in the field of reading instruction: bottom-up, top-down, and 
interactive (Kamhi & Catts, 2012).  The bottom-up framework is sometimes referred to 
as a text-based approach (Steinman, LeJeune, & Kimbrough, 2006).  Theorists of a 
bottom-up approach view the text as the most important component of the reading 
process.  Auditory (i.e., speech) and visual (i.e., print) stimuli begin in the smaller units 
of letters and phonemes.  Readers decode the letters and phonemes to make meaning out 
of the words (Paul & Quigley, 1990).  The term bottom-up refers to a linear process, 
starting at the bottom, from the smallest units, and moving up to the reader’s mind, 
toward comprehension (Paul, 1998).  An assumption in this theory is that the reader only 
reads about schemata/topics they know and, therefore, can make sense of the text (Paul & 
Quigley).  
An opposing view to bottom-up reading theory is the top-down reading theory.  In 
a top-down framework the reader’s prior knowledge is the most important component for 
reading comprehension.  Paul (1998) explained that “the process begins in the reader’s 
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head, with predictions and inferences, and proceeds downwards to the text to confirm 
these predictions or inferences or to generate new ones” (p. 7).  The assumption in this 
theory is that, the more prior knowledge the reader has about the text, the quicker and 
more accurate the comprehension will be.  Readers do not spend time decoding sounds or 
print.  
The interactive theory, also known as the comprehensive model, combines the 
bottom-up and top-down approaches.  Instead of an either/or dichotomy, the interactive 
approach views reading as a complex process, in which readers use both bottom-up and 
top-down methods simultaneously (Kamhi & Catts, 2012).  Paul (1998) explained that 
there is an interactive process between the reader and the text.  Steinman et al. (2006) 
described the interactive model as follows: “…a sufficient and comprehensive 
model…integrates the two perspectives, such that bottom-up and top-down processes 
work in unison to provide meaning to texts” (Graves, Juel, & Graves, 2001, p. 38).  
Models of reading.  Two models of reading development (i.e., the simple view of 
reading and Chall’s stage theory) are discussed and compared (Catts, Adlof, & Weismer, 
2006; Hoover & Gough, 1990; Indrisano & Chall, 1995; Kamhi & Catts, 2012; Trezek et 
al., 2010).  
Simple view of reading.  One well-known model of reading following the 
theoretical principles of the bottom-up reading approach is the simple view of reading 
(Hoover & Gough, 1990).  This model of reading instructional theory highlights decoding 
and text comprehension as priorities in reading instruction (Trezek et al., 2010).  
According to Hoover and Gough, “linguistic comprehension is the ability to take lexical 
information (i.e., semantic information at the word level) and derive sentence and 
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discourse interpretations.  Reading comprehension involves the same ability, but one that 
relies on graphic-based information through the eye” (p. 131).   
Kamhi and Catts (2012) explained, “According to this view, reading 
comprehension can be thought of as the product of word recognition and listening 
comprehension.  It is argued that if one wants to know how well individuals understand 
what they read, one needs simply to measure how well they decode words and how well 
they understand those words” (p. 60).  Although proponents of the simple view of reading 
believe only two variables (decoding and language comprehension) are needed for 
reading comprehension, they argue that both are necessary for success in comprehension 
(Hoover & Gough, 1990).  
Hoover and Gough (1990) conducted a 5-year longitudinal, correlation-design 
research study of English-Spanish bilingual students in early elementary grades.  Reading 
skills were measured using the Stanford Foundation Skills Test (Calfee & Associates, 
1978, 1980) and the Interactive Reading Assessment System (IRAS) (Calfee & Calfee, 
1979, 1981).  The researchers reported their results as a positive and highly significant 
correlation between the variables of decoding, listening, and reading: “(a) The linear 
combination of decoding and listening comprehension made substantial contributions 
toward explaining variation in reading comprehension, but the estimates were 
significantly improved by inclusion of the product of two components; (b) the 
correlations between decoding and listening comprehension tended to become negative as 
samples were successively restricted to less skilled readers; and (c) the pattern of linear 
relationships between listening and reading comprehension for increasing levels of 
decoding skills revealed constant intercept values of zero and positive slope values 
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increasing in magnitude” (p. 127).  The researchers also noted that, although other 
models describe more complex definitions of reading and language, those complexities 
fall into the categories of decoding and language comprehension.  
Catts et al. (2006) conducted further research, looking specifically at students 
with language delays, and supported the simple view of reading.  The researchers 
conducted two studies with the same 57 participants, who were identified as poor 
comprehenders based on their eighth-grade assessments using the Woodcock Reading 
Mastery Test–Revised (WRMT; Woodcock, 1987), Gray Oral Reading Test–Third 
Edition (Wiederholt & Bryant, 1992), Qualitative Reading Inventory–Second Edition 
(QRI; Leslie & Caldwell, 1995), Peabody Picture Vocabulary Test–Revised (PPVT; 
Dunn & Dunn, 1981), and Clinical Evaluation of Language Fundamentals–Third Edition 
(CELF; Semel, Wiig, & Secord, 1995).  Results of the first study showed that participants 
identified as poor reading comprehenders in eighth grade also scored poorly on language 
comprehension and phonological processing.  The second study showed similar results: 
the poor reading comprehenders scored poorly in language and phonological processing 
assessments in kindergarten and second and fourth grades.  Despite these low scores, 
only one third of the participants “met a standard diagnostic criterion for language 
impairment in kindergarten” (p. 289).  Although the poor reading comprehenders did 
poorly all around, the poor decoders scored within the normal range in language 
comprehension.  Catts et al. stated that the high criterion for interventions was an obstacle 
for students who needed extra support because it was based on reading comprehension 
only.  Moreover, they suggested that students should be classified “according to a system 
derived from the simple view of reading” (p. 290).  This model classification system had 
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four categories: dyslexia (good language comprehension, poor word recognition), no 
impairment (good language comprehension, good word recognition), mixed deficit (poor 
language comprehension, poor word recognition), and specific comprehension deficit 
(poor language comprehension, good word recognition).  This model would allow 
students access to interventions that matched their classification category.  The 
researchers did not note any limitations of their study.  
Chall’s stage theory.  Chall’s Stages of Reading Development is an interactive 
hierarchical model of reading development.  Prior to Chall, other stage theorists were 
Gray in the 1920s, Gates in the 1940s, and Russell in the 1960s (Indrisano & Chall, 
1995).  Chall began sharing her research findings and theory in the 1970s and 1980s. 
Indrisano and Chall (1995), and Chall’s (1979, 1983, & 1986) model of reading 
development view reading as a complex of abilities and skills that change with 
development.  Thus, reading is viewed as essentially different for the preschooler, first 
grader, fourth grader, high school student, and adult.  The tasks set by the school differ at 
various stages of reading, and the abilities and skills needed by readers to meet these 
tasks also differ” (p. 66).  Chall’s research findings and reading theory cumulated into a 
book titled, Stages of Reading Development (1983; 1986) (Indrisano & Chall, 1995).  
There are six stages in this model: stage 0: prereading; stage 1: initial reading and 
decoding; stage 2: confirmation and fluency; stage 3: reading for learning; stage 4: 
multiple viewpoints; and stage 5: construction and reconstruction (Trezek et al., 2010).  
For students who are d/Dhh, Trezek et al. characterized the key components of each of 
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Chall’s Stage Theory, as Applied to 
Reading and Deafness
b 
Stage 0: Prereading 
Reading readiness 
Immersed in literate, print-rich culture 
Dependent on interactions with adults 
Exposure to conversations and being read 
to by an adult 
Learn the names of the letters of the 
alphabet and recognize words in their 
environment 
Pretend to read familiar stories 
Stage 0: Prereading 
Many D/HH students are learning language 
and learning to read language 
Cued speech/language seems to be the 
most effective delivery of phonological 
information 
For students using other communication 
systems (manually and orally), 
supplementary reading instruction 
should be used to introduce 
phonological information 
Stage 1: Initial Reading and Decoding 
6–7 years/1st–2nd grade 
Recognizing the relationship between 
letters and sounds and between printed 
and “spoken” words 
Many require direct instruction in phonics 
and practice 
Independent practice with simple stories 
that use words with known phonic 
elements and high-frequency words 
Indirect vocabulary instruction 
Stage 1: Initial Reading and Decoding 
Instruction on the relationship between 
letter and sound (phonics)  
“The failure to make the connection 
between letter and sound might be a 
major underlying reason for the reading 
difficulties of students who are deaf and 







Table 2.1   Chall’s Stage Theory, as Applied to Reading and Deafness  (continued) 
Stage 2: Confirmation and Fluency 
7–8 years/2nd–3rd grade 
Gain automaticity and fluency with 
decoding and reading words 
Students should read short, engaging 
stories with predictable patterns in both 
shared and independent reading 
Indirect vocabulary instruction 
Stage 2: Confirmation and Fluency 
Apply knowledge from stage 1 to read 
words, sentences, and passages 
Automaticity frees the mind from decoding 
Most D/HH students are unable to progress 
to higher stages because of the lack of 
prerequisite skills  
Stage 3: Reading for Learning 
Phase A: Grades 4–6 
Phase B: Grades 7–9 
Reading is used to gain new knowledge, 
experience new feelings, and learn new 
attitudes 
Focus of instruction shifts from English 
language arts to social studies and 
science 
Students read and study textbooks, 
reference works, chapter books, 
newspapers, and magazines with new 
ideas 
Systematic word study 
Stages 3–5 
Many D/HH stay at stage 2  
D/HH readers that move above stage 2 
acquire the ability to process 
phonological and other information 
during reading 
Stage 4: Multiple Viewpoints 
15–18 years/10th–12th grade 
Read complex materials, expository and 
narrative 
 
Stage 5: Construction and Recon-
struction 
Adults in college 
Read for own purpose to integrate their 
own knowledge with that of others 
 
Note.  Stages should be considered continuous, overlapping, and adaptable. 
a
Chall, J. S. (1983, 1986). 
b
Trezek, B. J., Wang, Y., & Paul, P. V. (2010). 
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Theoretical constructs of the current study.  The current study was guided by 
the theoretical construct of interactive reading theory, which combines components of 
bottom-up and top-down approaches to reading development.  Both code-related and 
language-related comprehension skills were investigated.  Specifically, this study 
investigated two code-related components (phonological knowledge and silent word 
reading fluency) and one language-related component (morphological knowledge) to 
detect relationships between English and reading comprehension.  
 
Research on Predictors of Reading Comprehension 
Code-related predictors of reading comprehension.  Code-related skills, as 
explained by Storch and Whitehurst (2002), are “the base of emergent literacy including 
the conventions of print (e.g., knowing that writing goes from left to right and top to 
bottom across a page), beginning forms of writing (e.g., writing one’s name), knowledge 
of graphemes-phoneme correspondence (e.g., that the letter b makes the /b/ sound), and 
phonological awareness (e.g., that the word bat begins with the /b/ sound)” (p. 934).  
Moreover, the cognitive process of decoding print efficiently requires automaticity 
(RAN) (Hudson et al., 2009).  The current study investigated two code-related 
components of English: phonological knowledge and silent word reading fluency.  
 Phonological knowledge.  It is important to define and note the subtle differences 
between phonological knowledge, phonemic awareness, and phonics because they are 
often used interchangeably, but, in fact, are different concepts.  Phonological knowledge, 
or awareness, is an umbrella heading that both phonemic awareness and phonics fall 
under.  It is a person’s knowledge that spoken and printed words are divided into smaller 
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units known as phonemes and that words can be made into larger syllables that have a 
beginning sound and an ending sound (Trezek et al., 2010).  Phonemic awareness, a 
subsection of phonological knowledge or awareness, is the knowledge of a spoken word 
being made up of smaller units but does not involve the printed word (Balmuth, 1982).  It 
is a precursor of phonics, the instructional methodology of teaching phonemes in print or 
grapheme form as part of a reading program.  
Much information has been documented on the positive correlation between 
phonological knowledge and reading comprehension within the general education 
population (Dickinson et al., 2003; NELP, 2008; NRP, 2000), whereas results have been 
mixed for the d/Dhh population (Clark, Gilbert, & Anderson, 2011; Daigle, Berthiaume, 
& Demont, 2012; Haptonsall-Nykaza & Schick, 2007; Harris & Moreno, 2004; Izzo, 
2002; Koo et al., 2008; Luetke-Stahlman & Nielsen, 2003; Mayberry, del Giudice, & 
Lieberman, 2011; Trezek & Hancock, 2013; Trezek & Wang, 2006; Trezek, Wang, 
Woods, Gampp, & Paul, 2007).  
 In 1997, the National Institute of Child Health and Human Development, in 
collaboration with the United States Department of Education, developed the NRP to 
report to the United States Congress on evidence-based best practices of reading 
instruction (NRP, 2000).  The NRP narrowed down hundreds of thousands of literacy 
research documents to five main categories of reading research: alphabetics (phonemic 
awareness, phonics instruction), fluency, comprehension (vocabulary instruction, text 
comprehension instruction, teacher preparation, comprehension strategies instruction), 
teacher education, and computer technology.  Subgroups of the NRP coded and analyzed 
the research.  One limitation of this meta-analysis was that second-language learning was 
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not studied.  The recommendations of research-based best practices were based on typical 
readers.  
In terms of phonemic awareness, 52 published correlation and experimental 
studies were analyzed.  Participants in these studies ranged in age from preschool to sixth 
grade and included students with reading disabilities.  Different kinds of phonemic 
awareness skills were included in the reviewed studies.  The NRP reported that 
“correlation studies have identified phonemic awareness and letter knowledge as the two 
best school-entry predictors of how well children will learn during the first 2 years of 
instruction” (pp. 2–9).  Furthermore, results of experimental studies with phonemic 
awareness showed a positive effect and “provide a scientific basis documenting the 
efficacy of phonemic awareness training programs” (pp. 2–9).  
After the NRP provided findings on school-age students, the NELP was created to 
study reading predictors for children from birth through 5 years of age (NELP, 2008).  
This panel narrowed down research articles to 500 correlation and experimental studies, 
which were coded and analyzed.  The NELP found six statistically significant positive 
predictors of reading skills that took into account demographic data, including 
socioeconomic status and IQ.  The six variables were: alphabet knowledge, phonological 
awareness, RAN of letters or digits, RAN of objects or colors, writing letters or own 
name, and phonological memory.  
Dickinson et al. (2003) looked at two different schools of thought: the 
phonological sensitivity approach (PSA) and the comprehensive language approach 
(CLA).  In the PSA model, phonemic awareness is a “critical precursor, correlate, and 
predictor of reading achievement” (p. 467).  In the CLA model, the language structures of 
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semantics, syntax, and pragmatics are all involved with reading and writing success.  This 
model is complex because all the features intertwine at different degrees at various times.  
The researchers of this study evaluated 533 preschool students using the (a) Early 
Phonological Awareness Profile (Dickinson & Chaney, 1997a); (b) PPVT (Dunn & 
Dunn, 1997); and (c) Emergent Literacy Profile (Dickinson & Chaney, 1997b).  They 
controlled for socioeconomic status.  The researchers conducted two analyses to look at 
“the effects of a deficit on one skill on the relationship between the other skill and 
literacy” (p. 472).  The results of a regression analysis showed that vocabulary had the 
same variance as phonological sensitivity.  Furthermore, print knowledge, phonological 
awareness, and receptive vocabulary were all positively related.  This finding supports 
the CLA model.  The researchers described these language structures as both related and 
mutually reinforcing.  A limitation of the study was that the participants were from low-
income households; therefore, it was not a “nationally normed or standardized” sample 
(p. 477).  
 For children who are d/Dhh, reading comprehension studies on the code-related 
predictor phonology have provided mixed results.  Some studies found significance for 
phonological knowledge in relation to reading skills (e.g., Daigle et al., 2012; Haptonsall-
Nykaza & Schick, 2007; Koo et al., 2008; Luetke-Stahlman & Nielsen, 2003; Trezek & 
Hancock, 2013; Trezek & Wang, 2006; Trezek et al., 2007), whereas other studies did 
not (e.g., Izzo, 2002; Harris & Moreno, 2004; Mayberry et al., 2011; Clark et al., 2011).  
Izzo (2002) looked at the relationship between phonemic awareness and reading 
skills for 29 deaf elementary students attending a residential school for the deaf.  
Phonemic awareness has been defined as a “type of metalinguistic awareness that 
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involves understanding that words are composed of individual, distinct sounds that can be 
manipulated” (Nielsen & Luetke-Stahlman, 2002, p. 13).  Izzo analyzed the scores of a 
word-to-word matching task, a retelling task using the Developmental Reading 
Assessment (Beaver, 1997), and a language assessment using the Teacher Assessment of 
Grammatical Structures (Moog & Kozak, 1983).  A correlation analysis showed that 
reading ability was not significantly correlated to phonemic awareness.  Reading ability 
was positively related to language ability and age, but not phonemic awareness 
specifically.  The researchers reported several limitations of this study, including a small 
sample size, exclusion of students with mild to moderate hearing loss, and exclusion of 
students in an oral communication philosophy.  
Luetke-Stahlman & Nielsen (2003) studied phonological awareness and reading 
abilities of deaf students who used signing exact English as their mode of 
communication.  The 31 participants ranged in age from 7 to 17 years and attended 
various educational programs throughout the United States.  The participants took several 
assessments that were standardized with hearing students, including (a) Test of 
Phonological Awareness (Torgesen & Bryant, 1994); (b) Phonological Awareness Test 
(Robertson & Sattler, 1997); (c) Oral and Written Language Scales (Carrow-Woolfolk, 
1995), and (d) WRMT (Woodcock, 1998).  The results of a Pearson correlation analysis 
showed a few statistically significant positive correlations.  Word comprehension and 
phonological awareness (specifically, blending phonemes, syllables, written language, 
and letter identification) were strongly correlated with reading comprehension.  Syllable 
segmentation, phoneme segmentation, expressive English, substitutions with 
manipulations, and segmentation of sentences were moderately correlated with reading 
29 
 
comprehension, and listening comprehension and receptive English were weakly 
correlated.  The researchers noted that the findings of this study showed that both 
“cognitive academic English proficiency and phonological awareness” are necessary 
skills for reading comprehension.  Limitations of this study included a small sample size 
and use of reading instruction that was not controlled for these participants.  
 Harris and Moreno (2004) conducted a group design study to examine the 
phonological coding skills of deaf and hearing students in relation to reading, spelling, 
and working memory.  Their study included 29 eight-year-old deaf students (younger 
group) and 33 fourteen-year-old deaf students (older group), all of whom lived in 
southern England.  All of the deaf participants were in an educational setting using 
SIMCOM.  Each of the two groups had two control groups each (reading age and 
chronological age).  The data were measured using tasks developed by the researchers.  
The tasks measured short-term memory span, orthographic awareness, and spelling.  For 
phonological awareness, Harris and Moreno noted, “the recall of the deaf children was 
not affected by sound similarity, strongly suggesting that they were not using 
phonological coding when remembering items.  … the performance in orthography task 
was a positive significant predictor of reading abilities for both older and younger deaf 
children but not for either group of reading age controls” (p. 263).  No limitations were 
noted in this study.  
 Several studies have investigated the use of VP as a reading-instruction 
intervention for deaf students (Beal-Alvarez et al., 2011; Narr, 2008; Trezek & Hancock, 
2013; Trezek & Malmgren, 2005; Trezek & Wang, 2006; Trezek et al., 2007).  VP 
includes “…45 hand shapes and movements that resemble the articulation of each spoken 
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sound of the English language” (Waddy-Smith & Wilson, 2003, p. 376).  The hand 
shapes are a visual representation of auditory phonemes.  VP must be used in 
combination with a phonics curriculum.  
Trezek and Wang (2006) investigated the effects of 8 months of instruction using 
VP with kindergarten and first-grade d/Dhh students.  The phonics curriculum used in 
that study was Direct Instruction Corrective Reading–Decoding (DICR–D), from 
Reading Mastery I (Engelmann & Bruner, 1995).  The 13 participants attended a self-
contained program for hard of hearing individuals, in which TC was the mode of 
communication.  The Wechsler Individual Achievement Test–II (WIAT; Psychological 
Corporation, 2002) was used to measure word reading, pseudoword decoding, and 
reading comprehension.  The results of this pretest-posttest design were that the raw 
posttest mean scores were higher than the raw pretest mean scores for all three domains.  
The researchers noted several limitations for this study, including a small sample size, 
lack of a control group, and use of reading passages above the students’ instructional 
reading levels (WIAT).  
Trezek et al. (2007) further investigated the use of VP with kindergarten and first-
grade d/Dhh students in combination with different reading curricula, Literacy Across the 
Columbus Elementary Schools and Signatures Reading Series (Harcourt School 
Publishers, 1997).  Twenty participants were included in this study, grouped into four 
cohorts for the school year.  Three cohorts used a SIMCOM mode of communication, and 
one cohort used an oral/aural approach.  The pretest-posttest measure used for data 
analysis was the Dominie Reading and Writing Assessment Portfolio–Third Edition 
(DeFord, 2001), which focused on students’ skills in writing phonemes, spelling, and 
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phonemic awareness segmentation (in kindergarten), plus phonemic awareness deletion, 
phonic onsets, and phonic rhymes (in first grade).  As reported by Trezek and Wang 
(2006), the students’ posttest mean scores improved from their pretest mean scores.  
Furthermore, results of all investigated test measures were statistically significant.  Study 
limitations included a small sample size, lack of a control group, use of teachers to 
administer and score assessments, and a high percentage of students with cochlear 
implants.  
Trezek and Hancock (2013) studied the use of VP in a bilingual (ASL/English) 
setting.  The researchers were specifically interested in phonics, which they termed the 
alphabetic principle.  Moreover, they separated language components into two different 
categories: language structures and coding.  Trezek and Hancock explained that 
“language-related skills include the knowledge and use of the structures of English (i.e. 
morphology, syntax, semantics and pragmatics), whereas code-related skills include an 
understanding of print principles (e.g., graphemes, word boundaries, and directionality), 
phonological skills (e.g., alliteration, phonological awareness, and syllabication), and the 
development of the alphabetic principle (i.e., phonics) and its associate prerequisite skills 
(e.g. letter knowledge and phonemic awareness” (p. 391).  The 127 participants in their 
study ranged from second grade to high school.  The DICR–D, a curriculum utilized in 
conjunction with VP, was used in the study.  The measured skills included: (a) 
knowledge of the alphabetic principle, with phonemes in isolation; (b) application of the 
alphabetic principle to read words that had been taught; and (c) generalization of the 
alphabetic principle, with pseudowords.  The researchers used a curriculum-based 
assessment that had been used in a previous study by Trezek and Malmgren (2005).  
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The results of the pretest-posttest and generalization probe design were statistically 
significant for phonemes in isolation, in blends, and in words.  Limitations of this study 
included lack of a control group, lack of connected-text assessment, and lack of data on 
implementation of the intervention.  Although phonemic knowledge had increased 
significantly after VP instruction, the relatedness to reading comprehension of text was 
not known.  
 Another research team looked at the relationship between fingerspelling and 
English (Haptonsall-Nykaza & Schick, 2007).  In sign language, each letter of the 
alphabet is represented by a hand shape that both visually and manually represents the 
letter symbol.  Haptonsall-Nykaza and Schick explained that there are two stages of 
fingerspelling development, “The first fingerspelling skill, lexicalized fingerspelling, 
emerges naturally as signing children begin to recognize the movement of shapes of the 
fingerspelled words as a lexical item….  The second skill requires understanding that 
words have internal linguistic pattern made up hand shapes that correspond to English 
alphabetic letters” (p. 175).  The researchers believed that fingerspelling could be a visual 
phonological bridge for d/Dhh students.  There were 21 profoundly d/Deaf students 4 to 
14 years of age in this study.  The participants were instructed in sight word lessons in 
one of two conditions: sign/English word or fingerspelled/English.  Students were 
assessed three times (pretest, posttest, and carryover posttest) on receptive print, written 
English, and fingerspelling.  The researchers reported that the two conditions were 
correlated and that, for all three tests, the fingerspelling condition resulted in higher 
scores.  The researchers noted a limitation of the study in regard to stages of 
fingerspelling development.  Although the results showed a large effect size for the 
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fingerspelling condition, no correlation was found between the scores and the reading 
level that had been provided by the school.  Haptonsall-Nykaza and Schick suggested that 
perhaps the participants were still in stage 1 of fingerspelling development and not until 
they reach stage 2 would there be a correlation with reading scores.  
Koo et al. (2008) investigated phonological awareness abilities of 51 hearing and 
deaf college students who used a variety of communication modalities (hearing users of 
ASL, deaf users of ASL, deaf oral users of English, and deaf users of cued speech).  The 
researchers developed the Phoneme Detection Task (PDT), a nonverbal/visual 
phonological assessment.  Other assessments measured intelligence, word identification 
fluency, reading comprehension, spatial memory span, verbal digit span, and a visual 
version of the digit span.  A one-way ANOVA and a correlation analysis were used to 
study the data.  In terms of phonological skills, Koo et al. found that the “deaf signing 
group was significantly less accurate…on phonological knowledge compared to the other 
four groups” (p. 92).  Although deaf users of sign did not score well on the PDT, they did 
have proficient reading skills.  The correlation between phonemic awareness skills and 
reading comprehension was studied but revealed mixed results.  The researchers found no 
correlation between the PDT scores and word identification fluency.  However, a 
statistically significant positive correlation was noted between the PDT scores and 
passage comprehension, as well as reaction time.  The oral deaf participants and deaf 
participants who used cued speech performed more like the hearing participants in terms 
of phonological awareness.  The researchers noted that signing deaf participants had 
proficient reading abilities despite the lack of phonological awareness, indicating that 
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other language structures may be related to their reading abilities.  No study limitations 
were reported.  
Clark (2012) published a study on another phonological awareness test that had 
been developed to measure deaf readers’ phonological and orthographic coding skills—
the VL2–Spoken Language Phonological Awareness Measure (VL2–SLPA; Miller, 
Kargin, & Clark, 2010).  Fifty-six deaf college students participated in this study.  Most 
of the participants preferred ASL as their mode of communication.  The participants were 
tested using both the PDT and the VL2–SLPA.  Clark found a strong correlation between 
the PDT scores and the VL2–SLPA scores.  Clark also noted that the PDT had a higher 
percentage of correct responses but provided two choices to select from, whereas the 
VL2–SLPA had four choices to select from.  It was also observed that the participants 
selected a phonological match more than an orthographic match for both initial and final 
phonemes.  No study limitations were noted.  
Daigle et al. (2012) conducted a 2-year study investigating graphophonological 
skills in relation to reading skills with deaf students.  The 19 deaf participants were 
educated in a bilingual setting (Quebec Sign Language/French).  Two matched hearing 
control groups—reading age (n = 17) and chronological age (n = 20)—also received the 
intervention.  The researchers looked at accuracy and response latency in relation to 
graphophonological instruction (i.e., analysis of written words or pseudowords).  The 
data were measured from the scores of two computerized tasks created by the researchers.  
The tests were conducted twice, one year apart.  Daigle et al. found a correlation between 
the graphophonemic task and reading abilities for the deaf participants.  They noted “deaf 
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participants showed improvement in both graphophonological processes on accuracy and 
response latency” (p. 362).  
In summary, empirical research for typically developing hearing students has 
shown much evidence in both experimental and correlation studies that positive 
relationships exist between phonological knowledge, reading comprehension, and 
effective interventions.  However, the research studying phonological knowledge and 
reading comprehension for d/Dhh students showed mixed results.  Although some studies 
resulted in statistically significant positive correlations or effective interventions for 
phonological knowledge, other studies showed insignificant correlations.  
 Silent word reading fluency.  An agreed upon definition of fluency is reading 
with speed, accuracy, and expression (NRP, 2000).  Word fluency depends on vocabulary 
identification and comprehension skills, as well as automaticity, and is considered both a 
language-related construct and a code-related construct of English (Hudson et al., 2009).  
Hudson et al. explained that “…the size of a reader’s sight word vocabulary, or the 
proportion of words in any given passage that can be recognized by sight, plays a pivotal 
role in how quick and accurate a reader is (Torgesen et al., 2001), particularly for 
students who are below average in reading rate” (p. 13).  
For d/Dhh students who are sign language users, the skill of reading fluency 
involves dual language comprehension (Easterbrooks & Huston, 2008).  Readers must 
make a “mental visualization” (p. 40) and then express that representation in a manual 
mode that accurately shows the concepts.  Furthermore, this process of taking the written 
text, visualizing it, and then expressing it manually requires the reader to use their short-
term memory efficiently (Easterbrooks & Huston).  
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Within the research on d/Dhh literacy, a study by Dimling (2010) investigated 
word reading fluency with sight words.  The intervention used in this study was the 
Fairview Learning curriculum (Schimmel & Edwards, 1999), which was an ELA 
curriculum designed to be used with deaf students.  Dimling identified the five 
components of Fairview Learning as “(a) phonemic awareness, (b) …adapted Dolch lists, 
(c) bridge lists and bridging, (d) reading comprehension instruction, (e) ASL 
development/language experience instruction” (p. 427).  The purpose of Fairview 
Learning is to explicitly teach conceptually correct signing and help students stop reading 
word by word.  This single-subject, multiple-baseline study examined the effects of the 
Fairview Learning curriculum with six second-grade students over a 6- to 8-week period.  
Posttest results showed that the students mastered 78%–100% of the Dolch words and 
5%–97% of the bridge phrases.  Dimling reported that “on average students gained 23–30 
words and 19–22 phrases per student” (p. 444).  No limitations were reported in this 
study, but the researcher did discuss issues of working memory being at play in language 
and reading processing.  
For the purposes of this research study, the word-identification task for the Test of 
Silent Word Reading Fluency–Second Edition (TOSWRF; Mather, Hammill, Allen, & 
Roberts, 2004) was determined to be a code-related variable only.  Participants were 
asked to identify words in a timed interval but did not have to demonstrate 
comprehension of the words.  
The TOSWRF (Mather et al., 2004) has been used in research to study students’ 
reading fluency (Denton, Barth, Fletcher, Wexler, Vaughn, Cirino, …Francis, 2011; Koo 
et al., 2008; Seok & DaCosta, 2014).  Denton et al. studied reading fluency and 
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comprehension skills for 1,421 hearing middle-school students with reading challenges 
living in the southwestern region of the United States.  The battery of assessments 
included the TOSWRF.  Results revealed a moderate, statistically significant relationship 
between oral reading fluency and reading comprehension for the middle-school students 
and indicated that “connected text is more closely related to reading comprehension for 
oral reading fluency measured in word lists, as has been found for younger students” (p. 
126).  A study limitation noted by Denton et al. was that there was an oversampling of 
students with reading challenges and, therefore, caution should be used in generalizing 
the results.  
Seok and DaCosta (2014) also used the TOSWRF in their correlation study 
examining oral reading fluency as a predictor of silent word reading fluency for 223 
hearing postsecondary students from four different states from around the United States.  
Their findings were that oral reading fluency and silent reading fluency were positively 
related.  Specifically, they noted, “fluency, accuracy, rate, and comprehension, 
significantly and generally predicted the proficiency of oral reading fluency” (p. 163).  
However, the most significant predictor of oral reading fluency was silent word reading 
fluency.  No study limitations were noted.  
The investigation by Koo et al. (2008), studying phonological awareness abilities 
using the PDT, found that the d/Dhh-signing users scored lower did than the other three 
groups (i.e., oral d/Dhh, cueing d/Dhh, hearing).  However, the d/Dhh-signing group still 
had proficient reading comprehension skills using the passage comprehension from the 
Woodcock-Johnson III Tests of Achievement (WJ III; Woodcock, McGrew, & Mather, 
2001).  Furthermore, the researchers found that there was no correlation between the PDT 
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scores and word identification fluency using the TOSWRF, but a statistically significant 
positive correlation was found between the PDT scores and passage comprehension from 
WJ III scores.  This finding is an indication that the TOSWRF may be a better method 
than the PDT for assessing predictors of reading text comprehension for d/Dhh students 
who are sign-language users.  
In summary, research on silent word reading fluency in general education settings 
has shown strong correlations between reading comprehension scores and silent word 
reading fluency.  One study found that word lists were less related to comprehension than 
connected text for middle-school students (Seok & DaCosta, 2014).  The most significant 
positive predictor of oral reading fluency was silent word reading fluency.  Koo et al. 
(2008) showed that the participants’ communication mode might play a role in the most 
reliable assessments for measuring predictors of reading comprehension.  Specifically, 
signing participants may need silent word reading fluency over and above phoneme-
detection tasks.  
Language-related predictors of reading comprehension.  Language-related 
research on predicting reading comprehension included studies that investigated 
semantics, morphology, syntax, and pragmatics.  The current study examined the 
language-related component of morphological knowledge.  Worthy of mention is that 
some studies that examined English syntax also, at times, studied morphology.  Cannon 
and Kirby (2013) explained that readers and writers of English must have awareness of 
both language components to comprehend concepts such as noun phrase arguments and 
auxiliary verbs, “markers such as past tense -ed and progressive -ing” (p. 294).  In these 
cases, another construct, known as morphosyntax, is used.  
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Morphological  knowledge.  Morphological knowledge is the awareness of 
“…how words are built by combining smaller meaningful parts, such as prefixes, roots 
and suffixes” (Nagy et al., 2006, p. 134).  With typically developing students, 
morphology studies have shown strong correlations with reading skills (Apel & Diehm, 
2013; Kieffer & Lesaux, 2012a; Kieffer & Lesaux, 2012b; Nagy et al., 2006).  Some 
studies looked at morphological knowledge with d/Dhh individuals (Cannon, 
Easterbrooks, Gagné, & Beal-Alvarez, 2011; Cannon & Kirby, 2013; Gaustad & Kelly, 
2004; Gaustad, Kelly, Payne, & Lylak, 2002; Gaustad & Paul, 1998).  
Nagy et al. (2006) studied morphological awareness through a developmental 
lens, examining differences in the relationships between reading and morphology in 
upper-elementary and middle-school students while controlling for phonological 
awareness.  The study included 607 typically developing students (grades 4–9) living in a 
suburb in the northwestern region of the United States.  The following tasks and 
assessments were used to measure morphological awareness, phonological abilities, and 
literacy skills: Suffix Choice Test (Nagy, Berninger, Abbott, Vaughan, & Vermeulen, 
2003); Morphological Relatedness Test (adapted from Nagy et al., 2003); Nonword 
Repetition Test of the Comprehensive Test of Phonological Processing (Wagner, 
Torgesen, & Rashotte, 1999); WRMT (Woodcock, 1987); Stanford Diagnostic Reading 
Test–Fourth Edition (Karlsen & Gardner, 1994), WIAT (Psychological Corporation, 
2002), Decoding Inflected Words (Nagy et al., 2003), Decoding Prefixed and 
Pseudoprefixed Words (Pillon, 1998).  The researchers found that morphological 
awareness was a statistically significant positive predictor of literacy skills over and 
above phonological decoding, suggesting that decoding alone does not account for 
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reading abilities.  The researchers also noted that morphological awareness had a higher 
rate of correlation in the middle-school grades than in the upper-elementary grades.  A 
limitation of this study was that the participants were a homogeneous group and, 
therefore, caution should be taken on generalizing the findings.  
Kieffer and Lesaux published two separate studies on morphological awareness in 
2012.  The first (2012a) was a correlation study looking at direct and indirect 
relationships between morphological awareness and reading comprehension with both 
native English speakers and language minority (LM) speakers.  The participants were 952 
students in sixth grade located in an urban area of southern California.  Both researcher-
created and standardized assessments were used to measure reading comprehension and 
morphological awareness: Gates-MacGinitie Reading Test–Fourth Edition, sixth-grade 
version (MacGinitie, MacGinitie, Maria, & Dreyer, 2000); Expository Text 
Comprehension Task (Lesaux, Kieffer, Faller, & Kelley, 2010); Real Word 
Decomposition Task (Carlisle, 2000); Nonword Derivation Task (Nagy et al., 2006); and 
TOSWRF (Mather et al., 2004).  Results showed a statistically significant positive 
correlation for the indirect relationship between morphological awareness and reading 
comprehension for both language groups (native English and LM).  Morphological 
awareness was related to reading vocabulary, and reading vocabulary was related to 
reading comprehension.  Controlling for reading vocabulary and word reading fluency, 
morphological awareness had a statistically significant positive relationship with reading 
comprehension.  There was no evidence that word reading efficiency predicted reading 
comprehension.  One limitation of the study was that parental interviews were not 
conducted to study home literacy environments.  Another limitation was that, due to the 
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large sample size, individual oral samples of vocabulary, reading efficiency, and 
morphological awareness could not be conducted.  
Kieffer and Lesaux’s second study (2012b) involved 482 participants from the 
previous study.  This pretest-posttest group experimental investigation looked into the 
effectiveness of an 18-week intervention titled, Academic Language Instruction for All 
Students.  This intervention taught academic vocabulary related to a text with a focus on 
morphology instruction of the list of words.  There were “daily lessons on explicit 
instruction targeting relational and syntactic aspects of morphological awareness” 
(p. 527).  Measures used for pretest and posttest analysis were researcher created: The 
Real Word Morphological Decomposition Task (adapted from Carlisle, 2000) and 
Nonword Derivation Task (Nagy et al., 2006).  Measures used to test reading 
comprehension were the Stanford Achievement Test–Tenth Edition, fall of grade-6 level 
(SAT; Psychological Corporation, 2007) and Gates-MacGinitie Reading Test–Fourth 
Edition, sixth-grade version (MacGinitie et al., 2000).  Results showed a statistically 
significant positive relationship between relational and syntactical morphological 
awareness for both native English language users and LM users.  The researchers 
investigated the treatment effect between the two language groups; no difference was 
noted in treatment effect for the Real Word Morphological Decomposition Task, but 
there was a difference in the Nonword Derivation Task.  Post hoc analysis revealed that 
in the pretest, LM participants had lower scores and therefore improved significantly post 
intervention, whereas the native English participants had higher scores pretest and did not 
improve significantly post intervention with the Nonword Derivation Task.  A limitation 
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of this study was the unknown factor of a teacher’s willingness to participate in the 
intervention, which may have affected students’ scores.  
A special issue of the Journal of Learning Disabilities 47(1) (2013) published 
studies focusing on morphological knowledge and literacy acquisition through the lens of 
students with learning disabilities.  The editors focused their questions on the relationship 
between morphology and reading, effective instructional strategies, and differences 
between students at different ages and with different abilities (Nagy, Carlisle, & 
Goodwin, 2013).  Nagy et al. reported the findings of eight studies (Apel & Diehm, 2013; 
Deacon, Cleaves, Baylis, Fraser, Ingram, & Permutter, 2013; Gilbert, Goodwin, 
Compton, & Kearns, 2013; Kieffer, 2013; McCutchen, Stull, Herrera, Lotas, & Evans, 
2013; Ramirez, Walton, & Roberts, 2013; Tong, Deacon, & Cain, 2013; Wolter & 
Dilworth, 2013).  Findings from both intervention studies and correlation studies found 
statistically significant positive relationships between morphological knowledge and 
spelling (McCutchen et al., 2013; Wolter & Dilworth, 2013), morphological knowledge 
and reading comprehension (Gilbert et al., 2013), and morphological knowledge and 
reading fluency (Kieffer, 2013).  Intervention studies resulted in statistically significant 
positive differences between control and experiential groups in their understanding of 
morphological awareness (Apel & Diehm, 2013; McCutchen et al., 2013; Ramirez et al., 
2013; Wolter & Dilworth, 2013).  Generalization to other literacy skills was shown in 
some studies (Ramirez et al., 2013; Wolter & Dilworth, 2013), but not in others 
(McCutchen et al., 2013).  Finally, the instructional studies showed that the students with 
learning disabilities performed at a different rate than did typically developing peers, but 
did improve in their morphological knowledge after interventions (Apel & Diehm, 2013; 
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Deacon et al., 2013; Gilbert et al., 2013; Kieffer, 2013; Tong et al., 2013; Ramirez et al., 
2013; Wolter & Dilworth, 2013).  A limitation noted by the editors was that, collectively, 
the studies had small sample sizes.  
  In the research of morphological awareness and d/Dhh individuals, a study 
published in 2004 investigated the relationship between reading skills and morphological 
skills for both deaf college students and hearing middle-school students (Gaustad & 
Kelly, 2004).  This study was an extension of two previous works by Gaustad and Paul 
(1998) and by Gaustad et al. (2002).  Two morphological skill assessments were 
developed and used for the prior studies: the 75-item Split Decision test and a 40-item, 
multiple-choice Meaningful Parts test.  According to Gaustad et al. (2002), no 
statistically significant difference in morphological skills was noted between deaf college 
students and hearing middle-school students.  However, a statistically significant 
difference was noted in the follow-up study conducted by Gaustad and Kelly (2004).  
Hearing middle-school students differed in their root-word scores, whereas deaf college 
students differed in both derivational affixes and root-word scores.  Furthermore, the 
researchers noted that the deaf participants plateaued in their morphological 
development, whereas the hearing participants continued to develop skills.  No 
limitations of this study were noted.  
 Two language-related components—semantics and morphosyntax—were 
investigated through the use of a 9-week grammar intervention in a pretest-posttest group 
design pilot study (Cannon et al., 2011).  The 26 participants were from kindergarten 
through fifth grade and attended an urban school for the Deaf where the teaching staff 
was proficient in ASL.  The grammar software program used in the study was 
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LanguageLinks: Syntax Assessment and Intervention (Wilson, Fox, & Pascoe, 2003).  
The researchers used three different assessments for the pretest and posttest groups, 
including syntax and semantic subtests from the Diagnostic Evaluation of Language 
Variation–Norm-Referenced Test (DELV; Seymour, Roeper, & de Villiers, 2005), 
Optimized Intervention (OI; Wilson et al., 2003), and a subtest from Comprehension of 
Written Grammar (CWG; Easterbrooks, 2010b).  Results showed a statistically 
significant positive difference in morphosyntax scores, but not in semantic scores from 
the DELV.  Researchers reported, “the results of the CWG scores showed that 
participants were able to add an average of .153 sentence structures per week…this 
comprehension was statistically significant” (p. 451).  The authors noted limitations to 
the study such as only using subtests of the DELV, which may “not overlap with the 
intervention and may have influenced results” (p. 454).  An additional limitation of the 
study was that there was a session timer in the software that turned off the program, 
which interfered with the fluidity of instruction.  
Empirical research has been conducted on morphological awareness and reading 
skills in various populations (typically developing, language minority, lower 
socioeconomic status, students with learning disabilities, and d/Dhh students) (Apel & 
Diehm, 2013; Cannon et al., 2011; Cannon & Kirby, 2013; Gaustad & Kelly, 2004; 
Gaustad et al., 2002; Gaustad & Paul, 1998; Kieffer & Lesaux, 2012a; Kieffer & Lesaux, 
2012b; Nagy et al., 2006).  All of the studies showed evidence of positive correlations 
and effects of interventions.  
Code- and language-related predictors of reading comprehension.  The body 
of literature on code- and language-related predictors of reading comprehension is 
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complex.  Instead of investigating only code-related or only language-related skills, some 
studies examined both code-related and language-related constructs in their relationship 
to literacy development (Bow, Blamey, Paatsch, & Sarrant, 2004; Clark et al., 2011; 
Mayberry et al., 2011; Roman et al., 2008; Storch & Whitehurst, 2002; Vellutino et al., 
2007; Verhoeven & Van Leeuwe, 2008).  
Storch and Whitehurst (2002) conducted a 6-year longitudinal study investigating 
both code-related and language-related predictors of reading comprehension.  The 
participants were 626 typically developing children who started preschool in a Head Start 
program in suburban New York.  They were assessed annually from preschool through 
fourth grade.  The assessments used to score code-related skills such as print principles, 
emergent writing, and phonological awareness were from the Developing Skills Checklist 
(CTB, 1990).  Oral language skills were assessed using the PPVT (Dunn & Dunn, 1981), 
Expressive One-Word Picture Vocabulary Test–Revised (Gardner, 1990), The Renfrew 
Bus Story–American Edition (Glasgow & Cowley, 1994), and the CELF (Wiig, Secord, 
& Semel, 1992).  Reading comprehension was measured using the SAT (Psychological 
Corporation, 1989), the Wide Range Achievement Test–Revised (Jastak & Wilkinson, 
1984), and the WRMT (Woodcock, 1987).  Storch and Whitehurst created a 
developmental model of literacy achievement based on the results of this study.  They 
found a strong relationship between both code-related skills and oral language-related 
skills with emergent literacy skills.  Specifically, the code-related skills were stronger 
predictors in the early grades and the oral language-related skills were stronger predictors 
in the later grades.  The researchers noted three limitations to the study: not all 
components of code-related and language-related skills were measured; the origins of the 
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code-related and language-related skills were not studied; and all the participants were 
from a low socioeconomic group, indicating the need to use caution when generalizing 
results with other socioeconomic groups.  
Vellutino et al. (2007) conducted a battery of tests investigating factors related to 
reading comprehension.  The 468 typically developing participants in their study were 
grouped into younger students (grades 2 and 3) and older students (grades 6 and 7).  The 
Gilmore Oral Reading Test, Form D (Gilmore & Gilmore, 1968) was used for the 
assessment, and the study included an intelligence test.  The researchers reported 
statistically significant positive relationships between semantic knowledge and reading 
comprehension for both groups.  No significant difference was observed between 
syntactic knowledge and language-related comprehension.  Phonological coding with 
semantic and language-related comprehension were significant for the younger group but 
not for the older group.  Furthermore, phonological coding with syntactic knowledge was 
not significant for either group.  These findings showed that semantics in all elementary 
grades and phonics in younger elementary grades were important factors for reading 
comprehension.  The researchers reported some limitations of this study, including the 
challenge of finding an assessment that measured a single construct instead of using tools 
that measured across different language-related structures.  The assessments also did not 
measure “precursors of early reading achievement” (p. 29).  
Verhoeven and Van Leeuwe (2008) conducted a longitudinal study on the 
predictors of reading comprehension.  They also looked at two schools of thought in the 
research: lexical quality hypothesis and the simple reading view.  The lexical quality 
hypothesis emphasizes word decoding and vocabulary skills, whereas the simple reading 
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view emphasizes decoding and listening skills.  The researchers used data from 2,384 
elementary-school students living throughout the Netherlands.  Word decoding, 
vocabulary, listening comprehension, and reading comprehension data were analyzed for 
each student throughout their elementary years (grades 1–6).  All of these data were 
measured using the Dutch National Institute for Educational Measurement (Gillijns & 
Verhoeven, 1992).  Verhoeven and Van Leeuwe found a significant correlation between 
word decoding, vocabulary, and listening comprehension skills, which supports both the 
lexical quality and the simple reading models.  Based on this finding, the researchers 
purposed a third model, the combined structural model, which included decoding, 
vocabulary, and listening comprehension as predictors for reading comprehension 
abilities.  The researchers reported two limitations of their study.  First, the assessments 
used for listening and reading comprehensions skills were “short texts with multiple 
choice texts” rather than “longer, multiple choice texts,” which lends itself to “literal and 
main idea comprehension.”  They also noted that the study did not “differentiate between 
linguistically and culturally diverse learner groups” (p. 419).  
Roman et al. (2008) investigated word reading in relationship to phonological 
awareness, orthographic knowledge, RAN, and morphological awareness.  Their goal 
was to study which of the four variables students used when reading words.  Participants 
were 92 typically developing students in grades 4, 6, and 8 from rural areas of Nova 
Scotia, Canada.  Most of the assessments used were modified versions of tasks from 
previous research studies: Comprehensive Test of Phonological Processing–Elision Task 
(Wagner et al., 1999), production task (Carlisle, 2000), word analogy task (Nunes, 
Bryant, & Bindman, 1997), and orthographic choice task (Olson, Forsberg, Wise, & 
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Rack, 1994), as well as the WRMT (Woodcock, 1989).  Results showed statistically 
significant positive correlations among all variables of phonological awareness, 
orthographic knowledge, RAN, morphological awareness, and reading words.  
Regression analyses showed that RAN did not significantly predict word reading, 
whereas the other variables of phonological awareness—orthographic knowledge and 
morphological awareness—did predict word reading.  Two study limitations were noted: 
there was no control for verbal or nonverbal intelligence, and the study did not include all 
variables of code-related and language-related structures.  
 Several studies looked at both code-related and language-related predictors of 
reading comprehension with d/Dhh students.  One study, by Bow et al. (2004), examined 
both phonological and morphological skills of deaf students.  The participants were 17 
elementary-school students living in Australia.  They all attended the same school, which 
used an oral/aural communication philosophy.  The students were separated into two 
intervention groups.  Group 1 received 9 weeks of phonology training followed by 9 
weeks of morphology training.  Group 2 had the opposite schedule (i.e., morphology 
training followed by phonology training).  Evaluations were conducted before and after 
the training sessions.  The researchers developed the measures that were used in the 
study, which consisted of 45 speech perception sentences.  In terms of morphological 
knowledge, the results showed statistically significant improvement after both the 
morphology and the phonology interventions.  The researchers also looked at phoneme 
production and speech perception.  Results showed no significant improvement in speech 
production from either training session, but a statistically significant positive interaction 
was noted between trainings in the perception of phonemes.  No study limitations were 
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noted by the authors per se, but they did report that “word endings and morphology are 
closely linked in English… Cross-language comparisons may be required to separate 
these factors” (p. 313).  
Mayberry et al. (2011) conducted a review and meta-analysis of research studies 
that investigated the relationship between phonological coding and awareness (PCA) with 
reading skills for deaf readers.  Five researchers collected and read 230 studies and coded 
them based on four criteria: (1) PCA skills had been measured; (2) participants were 
severe to profoundly deaf; (3) experimental methods were employed; and (4) complete 
raw data or statistical analysis had been included.  The final 57 studies had been 
conducted worldwide and included 2,078 deaf participants 4 to 62 years of age.  The 
results showed that PCA was not a statistically significant predictor of reading abilities.  
Only 11% of the variance of reading skills was PCA for deaf readers.  Mayberry et al. 
looked at other factors making up the rest of the variance for reading abilities.  Speech 
intelligibility, speech reading, nonverbal IQ, memory span, and orthographic knowledge 
also made up about 11% of the variance for reading abilities.  The researchers noted that 
“language abilities predicted, on average, 35% of the variance in reading 
abilities….Language was measured using a wide range of assessments, including both 
spoken and signed vocabulary production and comprehension measures” (p. 178).  
Although the authors did not note limitations per se, they did conclude, “the relation of 
PCA skills to reading proficiency in the deaf population is both moderate in size and 
highly variable depending upon the nature of the task.  The results do not address the 
direction of the relationship” (p. 182).  
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Clark et al. (2011) conducted two studies comparing phonological decoding and 
morphological word decoding knowledge in relation to English skills with deaf college 
students.  Fifty participants were involved in the first study.  The researchers measured 
the students’ English skills with (a) an English placement test: Degrees of Reading Power 
Exam (Department of Program Services–Student Assessment, 2003); (b) PDT; and (c) a 
guessing game, from The Teacher’s Word Book of 30,000 Words (Thorndike & Lorge, 
1972).  Using a one-way ANOVA to analyze the data, the researchers found a statistically 
significant positive relationship between the English placement overall scores and 
morphological knowledge.  However, the data showed no significance between phonemic 
knowledge and English placement scores.  In the second study, Clark et al. looked at the 
relationship between bilingual students (ASL/English) and phonological and 
morphological skills.  The following measures were used with 51 d/Dhh college students: 
(a) The American Sign Language–Sentence Reproduction Test (Hauser, Paludnevičienė, 
Supalla, & Bavelier, 2008); (b) WJ III; (c) PDT; and (d) a guessing game.  The 
researchers found a statistically significant positive correlation between ASL/English 
bilingual abilities and morphological skills.  No significant difference was noted between 
the English skills of bilingual participants and phonemic awareness.  In both of these 
studies, the hypothesis that morphology was related to English abilities was 
demonstrated. No study limitations were noted.  
 The empirical research studying code-related and language-related predictors of 
reading comprehension in general and deaf education showed evidence that the process 
of reading comprehension is complex.  The results showed that literacy development 
relies on both code-related skills and language-related skills within the general 
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population, but results were mixed for the d/Dhh population.  It has been suggested that 
instead of a piecemeal approach, in which only code-related or only language-related 
components have significance, a more layered approach might be used. 
  
Summary and Rationale 
As described in this review of the literature, code-related and language-related 
components of English were investigated in relation to reading skills for d/Dhh students, 
but results were mixed.  Some studies found significance for certain code-related 
components in relation to reading skills, whereas others did not.  Code-related predictors 
of reading comprehension for this research were phonological knowledge and silent word 
reading fluency.  A language-related predictor of reading comprehension was 
morphological knowledge.  More nuanced and specific data components in relation to the 
predictors of reading comprehension are needed.  Studying English code-related and 
language-related components in relation to reading comprehension skills may provide 
further insight into the most salient predictors of each that impact reading.  This 
information could be shared with curriculum writers in the field to help determine the 
amount of time that should be spent on each of the English language components of 
educational programs for d/Dhh students.  This information can be of importance to the 
stakeholders in the field who are dedicated to breaking the fourth- to fifth-grade reading-
level plateau for d/Dhh students.  
This review of the literature led to the following research questions; the answers 
to these questions should contribute to the body of research on reading comprehension 
for d/Dhh individuals: (1) What are the interrelationships among variables (phonological 
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knowledge, morphological knowledge, silent word reading fluency, and reading 
comprehension)? (2) Which of the variables (phonological knowledge, morphological 
knowledge, silent word reading fluency) emerges as the most significant predictor of 
reading comprehension above and beyond the others? (3) What are the interrelationships 
among demographic variables, English language components, and reading 
comprehension assessments?  
 
Hypotheses 
 Based on prior empirical research in the code-related and language-related 
components related to English reading comprehension skills for both general education 
and d/Dhh education, it was hypothesized that the language-related variable of 
morphological knowledge would be more closely related to reading scores than code-
related related variables such as phonological knowledge and word reading fluency.  
Furthermore, a reason-based hypothesis is that most demographic variables at this 
research school site will not have a statistically significant positive association with 







The purpose of this study was to examine the relationship between code-related 
structures, language-related structures, and reading comprehension for d/Dhh students.  
This chapter describes the setting, participants, research design, instruments, and data 
collection and analysis procedures used in this study.  
 
Participants 
The participants for this research were 45 d/Dhh students in grades 3 to 8 who 
attended an urban day school for the d/Deaf with a TC philosophy in the northeastern 
region of the United States (see Tables 3.1 and 3.2).  Several modes of communication 
were used at this school, including ASL, SIMCOM, and spoken English.  A state 
criterion to attend this school is that a child must be severely/profoundly deaf or 
clinically/functionally d/Deaf.  The student body included children who had a cochlear 
implant or used a digital hearing aid and required an oral/aural approach and/or sign 
support, as well as those who used ASL as their language of instruction and 
communication.  The school provided programming from as young as the parent-infant 
program through the eighth grade.  The student population met the criteria for free or 
reduced-cost breakfast and lunch and was culturally diverse.  
Educational staff followed the New York State Common Core Learning Standards 
as a guide for their instructional content and teaching strategies.  The ELA programming 
incorporated all areas of balanced literacy, including reading/writing workshop, 
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reading/writing conferences, guided reading/writing, shared reading/writing, interactive 
writing, read alouds, independent reading/writing, sight word/academic vocabulary 
instruction, grammar, and conventions.  The school implemented best practices such as 
the gradual release of instruction, mediated learning experiences, and language 
experiences to build schema.  Some classrooms used the Fairview Learning curriculum 
(Schimmel, 2010), whereas others were in a pilot program for the Bedrock Literacy 
Curriculum (Di Perri, 2013).  A few classes had been introduced to VP in conjunction 
with Explode the Code (Hall, 2015).  All three of those programs are ELA curricula 
designed for d/Dhh students.  
After the Institutional Review Board approved the study, parental consent and 
student assents were obtained.  Forty-five d/Dhh participants (23 females, 22 males) from 
grades 3 to 8 were included in the study.  The participants ranged from 8 to 14 years of 
age (M = 10.69, SD = 1.769 years).  The sample group included 30 (66.7%) Hispanic, 9 
(20.0%) African American, and 6 (13.3%) “other” ethnicities, including Bangladeshi, 
Romanian, Turkish, and Moroccan.  Languages used in the participants’ homes were as 
follows: 26 (57.8%) English, 15 (33.3%) Spanish, 2 (4.4%) ASL, and 2 (4.4%) Bengali.  
Of the 45 participants, 43 (95.6%) were from hearing families and 2 (4.4%) had d/Deaf 
parents.  Twenty-three (51.1%) of the participants used hearing aids and 22 (48.9%) had 
cochlear implants.  Thirty-one (68.9%) of the participants preferred SIMCOM and 14 
(31.1%) preferred ASL as a mode of communication.  Forty-one (91.1%) of the 
participants had no diagnosed additional disability, whereas 4 (8.9%) had a diagnosis of 
an additional disability, including attention-deficit/hyperactivity disorder, Goldenhar 
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syndrome, sickle cell disease, and spina bifida.  These additional disabilities did not 
interfere with the purpose of the study.  
 
Table 3.1 
Reading Levels of Participants 
Grade Level n (%) 
Kindergarten 6 (13.3) 
Grade 1 23 (51.1) 
Grade 2 9 (20.0) 
Grade 3 2  (4.4) 
Grade 4 4  (8.9) 
Grade 5 1  (2.2) 
Notes.  N = 45.  The sum of percentages does not total 





Demographic Characteristics of Study Participants 
Variable n (%) Range M SD 
Gender     
Female 23 (51.1) – – – 
Male 22 (48.9) – – – 
Age – 8–14 10.7 1.8 
Grade Level     
Grade 3 7 (15.6) – – – 
Grade 4 9 (20.0) – – – 
Grade 5 9 (20.0) – – – 
Grade 6 6 (13.3) – – – 
Grade 7 5 (11.1) – – – 
Grade 8 9 (20.0) – – – 
Ethnicity     
Hispanic 30 (66.7) – – – 
African American 9 (20.0) – – – 
Other 6 (13.3) – – – 
Home Language     
English 26 (57.8) – – – 
Spanish 15 (33.3) – – – 
Bengali 2 (4.4) – – – 
American Sign Language 2 (4.4) – – – 
Hearing-Assistive Technology     
Hearing aid 23 (51.1) – – – 
Cochlear implant 22 (48.9) – – – 
Pure-Tone Average (dB)     
Right ear – 70–125 101.7 16.7 
Left ear – 67–128 99.2 14.8 





Two groups of measurements were administered and analyzed in this research 
investigation.  The first group included traditionally used assessments, the subtest of 
passage comprehension from WJ III (Woodcock et al., 2001), and the TOSWRF (Mather 
et al., 2004).  The second group of assessments was developed in collaboration by 
researchers at Teachers College, Columbia University, and The Ohio State University.  
The two assessments that were developed measured phonological knowledge and 
morphological knowledge.  These scores, in addition to the TOSWRF scores, were the 
variables for this study.  The passage comprehension score was the reading 
comprehension variable.  
Phoneme detection task.  Koo et al. (2008) developed the original PDT when 
they investigated the phonological awareness abilities of 51 hearing and deaf college 
students who used a variety of communication modalities (hearing users of ASL, deaf 
users of ASL, deaf oral users of English, and deaf users of cued speech).  The PDT was a 
nonverbal/visual phonological assessment.  The researchers from the two universities 
adapted the original PDT to develop a new assessment (PDT–Adapted).  The participants 
were presented with 250 high-frequency words in which the target phoneme appeared in 
the initial, medial, and final positions.  The students had to answer “Yes” or “No” if the 
listed words contained the target phoneme.  There were 5 target phonemes: /k/, /oo/, /ee/, 
/s/, and /ei/.  For each target sound there were 50 high-frequency words selected from the 
Basic Spelling Vocabulary List (Reading Rockets, 2016), 10 of which were selected for 
each grade, from grade 1 to grade 5.  In the adapted version, evaluators were permitted to 
explain the examples using VP for a visual cue.  The evaluator read aloud or signed the 
instructions.  One of the examples listed the word come.  The answer was “Yes” for the 
58 
 
question, “Does the following word have the /k/ sound?”  There were four examples for 
each phoneme tested.  No time limit was set for the task.  The results of the PDT were 
one of the variables in this study, and the total possible score for the task was 250. 
Morphological knowledge task.  Developed by researchers from The Ohio State 
University, the morphological knowledge task (MKT) was designed to measure 
morphological knowledge.  It was piloted in this current study.  Students were tested on 
parts of words.  No time restriction was imposed for the task.  Results from the MKT 
were one of the variables for the data analysis. 
For Part 1 (judgment task), students circled “Yes” or “No” in response to 
questions such as, “Does reread come from read?”  In Parts 2 and 3 (sentence completion 
tasks), the students filled in the blank.  For Part 2 (production task), the participants had 
to provide the word that was the best fit.  The target word above the sentence served as a 
clue.  The required response had to have an affix (prefix or suffix) added to the target 
word. For example,  
spell 
I spelled the word wrong.  I always ________ that word. 
Part 3 (production decomposition task) was similar to Part 2, except that the participant 
had to produce a word without the affix.  For example,  
construction 
I do not know how to get to your house.  Please _________ a map for me. 
The total possible score for the MKT was 123.  
Test of silent word reading fluency.  Mather et al. (2004) developed the 
TOSWRF, which measures the recognition of printed words in a timed allotment.  Their 
study included a normative sample of 3,592 students 6.3 to 24.1 years of age.  The test 
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allows scores to be shown as raw or standardized, and percentiles, age, and grade 
equivalents can be noted.  The TOSWRF has been described as an assessment that 
“measures current reading levels by counting the number of printed words that ‘they’ can 
identify within 3 minutes” (Pro-Ed, 2016).  Rows of words without spaces are listed.  
Students must draw lines between the words.  The example of the task showed 
“inyesnomesee///” and “in/ yes/ no/ me/ see///” to demonstrate what the students were 
expected to do.  There were two pages of words for the students to complete in 3 minutes.  
The results from the TOSWRF were used as an independent variable for this study; the 
total possible score for the test was 220.  
Passage comprehension subtest of the Woodcock-Johnson III.  The WJ III 
(Woodcock et al., 2001) is a series of assessments that test achievement and cognitive 
abilities.  One subtest under the tests of achievement is passage comprehension.  Students 
had to read a sentence and then fill in the blank with the word that was removed from the 
sentence. For example, 
Ducks like to swim in the _____________.  
Students were permitted to sign the word to the evaluator, and the evaluator was allowed 
to spell the word.  This study used the scores from the passage comprehension as a study 
variable for reading comprehension.  The total possible score for the test was 27.  
 
Data-Collection Procedures 
  Three doctoral students assisted the principal investigator (PI) in collecting 
demographic information and scoring the assessments as part of the research team.  After 
signing confidentiality agreements, the research team had access to the participants’ files 
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and gathered the demographic information, including IQ, pure-tone average, ethnicity, 
and presence of additional disabilities.  The PI added the demographic data pertaining to 
gender, age, grade, type of amplification, communication mode, and parents’ hearing 
status. 
The PI administered all the assessments (WJ III, PDT, MKT, and TOSWRF) to 
the participants.  The PI used each student’s preferred mode of communication (ASL or 
SIMCOM) while administering the assessments.  All four assessments were administered 
in small groups.  The students completed all the assessments in three or four 40-minute 
sessions.  
The research team scored the assessments following interscorer agreement 
protocol.  Two different team members graded each test.  If their scores were identical, 
that score was inputted for analysis.  If there was a discrepancy between scores, another 
grader from the research team scored the test a third time to ensure reliability of inputting 
the correct score for that participant.  The interscorer agreement was as follows for the 
assessments: PDT, 99.4%; MKT, 99.9%; TOSWRF, 99.9%; and passage comprehension 
(WJ III), 99.9%.  
 
Data-Analysis Procedures 
This study investigated three questions: 
1.  What are the interrelationships among variables (phonological knowledge, 
morphological knowledge, silent word reading fluency, and reading comprehension)?  
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2.  Which of the variables (phonological knowledge, morphological knowledge, 
silent word reading fluency) emerges as a significant predictor of reading comprehension 
above and beyond the others?  
3.  What are the interrelationships among demographic variables, English 
language components, and reading comprehension assessments?  
To answer research question 1, certain data-analysis tests were conducted.  A 
simple Pearson correlation analysis was conducted for all continuous variables from the 
scores of the PDT, MKT, TOSWRF, and WJ III.  Interrelationships among the three 
independent variables (phonological knowledge, morphological knowledge, silent word 
reading fluency) and the dependent variable (reading comprehension) were examined for 
general patterns for descriptive purposes.  
Research question 2 was based on identification of the most salient predictors of 
the independent continuous variables to be included in a multiple regression analysis to 
predict reading comprehension.   
Research question 3 investigated both categorical and continuous demographic 
variables.  The categorical demographic variables were gender, ethnicity, type of 
amplification, mode of communication, home language, hearing status of parents, IQ, age 
range, and additional disabilities.  An independent samples t test was conducted to 
compare the mean differences between the two categories and the achievement scores for 
phonological knowledge, morphological knowledge, silent word reading fluency, and 
reading comprehension (i.e., gender, type of amplification, mode of communication, 
parents’ hearing status).  A Pearson correlation was conducted to test continuous 
demographic variables (i.e., grade, age, and pure-tone average).  
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If any demographic covariates were found to have a statistically significant 
association to reading comprehension, a partial correlation was conducted with one or 
more control variables.  This approach investigated whether the initial correlations were 
still accurate after controlling for the potentially confounding variables.  Differences were 









This chapter describes the results of the research study examining the 
interrelationships among English language components, reading comprehension, and 
demographic variables for 45 d/Dhh students in grades 3 to 8.  The study used a 
correlation design.  The first analysis was conducted to examine the interrelationships 
among the independent variables (phonological knowledge, morphological knowledge, 
silent word reading fluency) with the dependent variable (reading comprehension).  The 
following measures were used in the analysis: PDT, MKT, TOSWRF, and WJ III.  The 
WJ III measured reading comprehension scores.  The second goal of this study was to 
investigate which of the study variables (phonological knowledge, morphological 
knowledge, silent word reading fluency) emerged as a significant predictor of reading 
comprehension.  The third goal was to examine English language structures, 
demographic variables, and reading comprehension to detect interrelationships.  
Demographic variables included age, grade, home language, mode of communication, 
type of amplification, pure-tone average, and presence of additional disabilities.  Finally, 
a multiple regression analysis was conducted with results of the English language 
predictors and the results of the demographic covariates to determine whether the 





Research question 1: What are the interrelationships among variables 
(phonological knowledge, morphological knowledge, silent word reading fluency, 
and reading comprehension)?  A simple Pearson correlation analysis was conducted for 
all continuous variables from the scores of all study variables (PDT, MKT, TOSWRF, 
WJ III) to study interrelationships.  The analysis revealed statistically significant 
associations among all research variables.  Significant correlations were found between 
participants’ PDT and MKT scores, r(45) = .647, p < .001; between PDT and TOSWRF 
scores, r(45) = .627, p < .001; and between PDT and WJ III scores, r(45) = .630, p < 
.001.  The association between WJ III scores and the MKT and TOSWRF scores had a 
large effect size, r(45) = .890, p < .001 and r(45) = .856, p < .001, respectively, as did the 
relationship between the TOSWRF and MKT, r(45) = .905, p < .01 (see Table 4.1).  
 
Table 4.1 
Correlations among the Variables of Phoneme Detection, Morphological Knowledge, 
Silent Word Reading Fluency, and Reading Comprehension 
Variable PDT MKT TOSWRF WJ III 
PDT 1    
MKT .647* 1   
TOSWRF .627* .905** 1  
WJ III .630* .890* .856* 1 
Notes.  N = 45; PDT = Phoneme Detection Task; MKT = Morphological Knowledge 
Task; TOSWRF = Test of Silent Word Reading Fluency; WJ III = Woodcock-Johnson III 
Tests of Achievement. 





Research question 2: Which of the variables (phonological knowledge, 
morphological knowledge, silent word reading fluency) emerges as a significant 
predictor of reading comprehension above and beyond the others?  The second goal 
of the study was to identify the most salient predictors of reading comprehension.  Using 
the continuous variables from research question 1, those that resulted in statistically 
significant positive associations with reading comprehension were included in a multiple 
regression analysis to predict reading comprehension.   Results showed that all three 
variables (PDT, MKT, and TOSWRF) were significantly associated with reading 
comprehension (WJ III); therefore, all three variables were included in the analysis.  The 
result of the multiple regression analysis revealed that when all three predictors were 
included in the model, MKT score was the only statistically significant positive predictor 
of WJ III scores, F(3, 41) = 57.948, p < .001 (see Table 4.2).  
 
Table 4.2 
Summary of the Multiple Regression Statistics for the Predictor Variables 
Predictor 
Value B SE B B T P 
PDT .009 .010 .076 .838 .407 
MKT .098 .027 .602 3.647 .001* 
TOSWRF .032 .019 .263 1.629 .111 
Notes.  N = 45; PDT = Phoneme Detection Task; MKT = Morphological Knowledge 
Task; TOSWRF = Test of Silent Word Reading Fluency. 





Research question 3: What are the interrelationships among demographic 
variables, English language components, and reading comprehension assessments?  
The third question, investigating associations with demographic data, required two 
different analyses; associations with continuous variables required a Pearson correlation, 
and group differences in categorical variables required an independent samples t test.  A 
Pearson correlation was used to test the association between WJ III scores and the 
following continuous variables: grade, age, and pure-tone average for right and left ears 
(see Table 4.3).  Statistically significant positive correlations were found between the 
participants’ grade and age and their WJ III scores, r(45) = .499, p < .01 and r(45) = .450, 
p < .01, respectively (see Table 4.4).  No significant association was noted between WJ 
III scores and pure-tone average scores. 
  
Table 4.3  
Descriptive Statistics for Continuous Demographic Variables  
Variable n Minimum Maximum M SD 
Grade 45 3 8 5.44 1.752 
Age 45 8 14 10.69 1.769 
PTA-R 45 70 125 101.67 16.743 
PTA-L 45 67 128 99.24 14.779 







Correlations among Demographic Continuous Variables and Assessment Scores 
Variable WJ III Grade Age PTA–R PTA–L 
WJ III 1     
Grade .499* 1    
Age .450* .962* 1   
PTA–R –.129 .172 .135 1  
PTA–L –.163 .130 .102 .829* 1 
Notes.  N = 45; PDT = Phoneme Detection Task; MKT = Morphological Knowledge 
Task; TOSWRF = Test of Silent Word Reading Fluency; WJ III = Woodcock-Johnson III 
Tests of Achievement; PTA–R = pure-tone average–right ear; PTA–L = pure-tone 
average–left ear.  
*p < .01.   
 
An independent samples t test was used to test for group differences in WJ III 
scores based on the following categorical variables: mode of communication, home 
language, type of amplification, and presence of additional disabilities.  Mode of 
communication was either SIMCOM or ASL.  Home language was one of two groups: 
English or language other than English (LOTE).  Amplification groups were users of 
either hearing aids or cochlear implants, and additional disabilities were either “Yes” or 
“No” groupings (see Tables 4.5 and 4.6).  There was a statistically significant positive 
difference in WJ III scores based on home language, t(40.308) = 2.412, p = .02.  Children 
for whom English was their home language had significantly higher WJ III scores, M = 
6.115, SD = 4.983, than did those in the LOTE group, M = 3.316, SD = 2.730.  Because 
the majority of LOTE families were Spanish-speaking and Hispanic, an additional 
analysis was conducted to confirm that this finding was not a function of ethnicity.  No 
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significant difference emerged between Hispanic and non-Hispanic participants in terms 
of WJ III scores.  
 
Table 4.5 
Frequencies for Demographic Categorical Variables 
Variable Label n (%) 












Additional disabilities No 
Yes 
41 (91.1) 
4   (8.9) 
Note.  N = 45; SIMCOM = simultaneous communication; ASL = American Sign 




Descriptive Table for Home Language 
 
Variable Language n (%) M SD SEM 
WJ III English 26 (57.8) 6.115 4.983 .977 
 LOTE 19 (42.2) 3.316 2.730 .626 
Note.  N = 45; LOTE = language other than English; WJ III = Woodcock-Johnson III 
Tests of Achievement. 
 
 
 Finally, having determined that age, grade, and home language were statistically 
significant positive demographic predictors of WJ III, a final multiple regression analysis 
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was conducted with PDT, MKT, and TOSWRF as predictors, and with age, grade, and 
home language as covariates, to determine whether MKT remained a statistically 
significant positive predictor after controlling for the demographic covariates.  No 
difference was found in the new model; MKT remained the only statistically significant 








The reading levels of d/Dhh adults have been at the fourth- to fifth-grade ceiling 
for more than 100 years and are well below those of their hearing peers (Easterbrooks & 
Beal-Alvarez, 2012; Trezek et al., 2010; Wang, 2010).  Despite research and improved 
practices, this reading statistic has not changed for d/Dhh individuals.  There is a need for 
more empirical research investigating English code-related and language-related 
predictors of reading comprehension for d/Dhh students.  Curriculum writers and 
educators for the d/Dhh can use these data to improve ELA instruction.  Although the 
findings of research studies are consistent with regard to predictors of reading 
comprehension for typically developing students, the same is not true for the body of 
empirical research studying code- and language-related predictors of reading 
comprehension for d/Dhh students.  Results are mixed regarding the significance of the 
role of phonological awareness for d/Dhh readers.  Some empirical research showed a 
relationship between phonological skills and reading skills, whereas other research did 
not (Clark et al., 2011; Daigle et al., 2012; Haptonsall-Nykaza & Schick, 2007; Harris & 
Moreno, 2004; Izzo, 2002; Koo et al., 2008; Luetke-Stahlman & Nielsen, 2003; 
Mayberry et al., 2011; Trezek & Hancock, 2013; Trezek & Wang, 2006; Trezek et al., 
2007).  Moreover, demographic information, specifically communication mode or 
primary language of the d/Dhh reader, may impact code-related and language-related 
skills (Koo et al., 2008; McQuarrie & Parrila, 2014).  
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The intent of this study was to investigate two English code-related components 
(phonological knowledge and silent word reading fluency) and one English language 
component (morphological knowledge) to study predictors that improve reading 
comprehension scores for d/Dhh students.  This study examined the relationships of 
code- and language-related English structures of phonological knowledge, morphological 
knowledge, and silent word reading fluency, as well as reading comprehension of d/Dhh 
students in grades 3 to 8, taking into account any effects of their demographic 
characteristics (i.e., age, grade, home language, mode of communication, type of 
amplification, pure-tone average, presence of additional disabilities).   
This study investigated three main questions: (1) What are the interrelationships 
among variables (phonological knowledge, morphological knowledge, silent word 
reading fluency, and reading comprehension)?  (2) Which of the variables (phonological 
knowledge, morphological knowledge, silent word reading fluency) emerges as a 
significant predictor of reading comprehension above and beyond the others?  (3) What 
are the interrelationships among demographic variables, English language components, 
and reading comprehension assessments?  
  Results of this dissertation revealed that all test variables of phonological 
knowledge, morphological knowledge, silent word reading fluency, and reading 
comprehension were positively related to each other.  On further analysis, when the three 
variables were included in a multiple regression model to predict reading comprehension, 
morphological knowledge was found to be the only significantly significant positive 
predictor of reading comprehension.  In terms of demographic variables and reading 
comprehension, a statistically significant positive correlation was found between the 
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participants’ age, grade, and home language, but not for their pure-tone average, mode of 
communication, type of amplification, or presence of additional disabilities.  Specifically, 
the results revealed that participants with English as their families’ home language 
performed better with reading comprehension than did those for whom another language 
was the home language.  Finally, after controlling for the demographic covariates, the 
results indicated that morphological knowledge remained a statistically significant 
positive predictor of reading comprehension over and beyond the other predictors and the 
demographic covariates.  
 
Summary of the Results 
Research question 1.  The first question in this study investigated the 
associations among all variables (phonological knowledge, morphological knowledge, 
silent word reading fluency, and reading comprehension).  A simple Pearson correlation 
analysis was conducted for all continuous variables from the scores of the variables 
(PDT, MKT, TOSWRF, WJ III) to detect interrelationships.  The analysis revealed 
statistically significant positive associations among all research variables.  This result is 
aligned with the results of empirical research: code-related skills and language-related 
skills are both precursors to reading abilities.  Statistically significant positive 
associations between code-related factors and reading comprehension have been 
documented in both general education and deaf education research (Clark et al., 2011; 
Daigle et al., 2012; Dickinson et al., 2003; Haptonsall-Nykaza & Schick, 2007; Harris & 
Moreno, 2004; Izzo, 2002; Koo et al., 2008; Luetke-Stahlman & Nielsen, 2003; NELP, 
2008; NRP, 2000; Trezek & Hancock, 2013; Trezek & Wang, 2006; Trezek et al., 2007), 
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as well as morphological knowledge associations to reading comprehension (Apel & 
Diehm, 2013; Bow et al., 2004; Cannon et al., 2011; Cannon & Kirby, 2013; Gaustad & 
Kelly, 2004; Gaustad et al., 2002; Gaustad & Paul, 1998; Kieffer & Lesaux, 2012a; 
Kieffer & Lesaux, 2012b; Nagy et al., 2006).  
Research question 2.  The second goal of the study was to identify the most 
salient predictors of reading comprehension.  Based on the findings of research 
question 1, all three variables (PDT, MKT, and TOSWRF) were shown to have 
statistically significant positive associations to reading comprehension (WJ III).  
Therefore, all three variables were included in the multiple regression analysis for 
predictors of reading comprehension.  The result of the multiple regression analysis 
revealed that when all three predictors were included in the model, only morphological 
knowledge (MKT) was a statistically significant positive predictor of reading 
comprehension.  This supports other research studying morphological knowledge and 
reading skills with d/Dhh individuals (Bow et al., 2004; Cannon et al., 2011; Cannon & 
Kirby, 2013; Gaustad & Kelly, 2004; Gaustad et al., 2002; Gaustad & Paul, 1998).  This 
result also supports the hypothesis noted in Chapter 2 that language-related skills would 
be a more accurate predictor of reading skills than code-related skills due to the mixed 
findings of code-related skills with d/Dhh individuals found in the empirical research. 
Research question 3.  The third question for this study investigated associations 
with demographic data and test scores.  This required two different analyses: associations 
with continuous variables required a Pearson correlation analysis, and group differences 
in categorical variables required an independent samples t test.  The Pearson correlation 
analysis was used to test the association between reading comprehension (WJ III) scores 
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and participant grade, age, and pure-tone average. A statistically significant positive 
correlation was found between age and grade, but not for pure-tone average.  This result 
is in line with the hypothesis noted in Chapter 2.  Except for age and grade, little 
variability was seen.  A reason-based explanation for this result is that the older students 
were in the higher grades.  A reasonable assumption is that as students developed through 
the years and grades, they had more exposure to reading instruction.  Therefore, the older 
students performed better than younger students on reading tasks due to their additional 
years of reading instruction.  The lack of variability in this study was due to the school 
placement.  All participants attended a school for the Deaf, in which the state required an 
80-decibel hearing loss for enrollment.  Furthermore, all participants were sign language 
users (SIMCOM or ASL).  Only two participants had Deaf parents where ASL was the 
home language, and only four participants had a diagnosed additional disability.  Those 
low numbers were not enough to make a statistical difference in the results.  
An independent samples t test was used to test for group differences in reading 
comprehension (WJ III) scores based on the following categorical variables: mode of 
communication, home language, type of amplification, and presence of additional 
disabilities.  The mode of communication was either ASL or SIMCOM.  Home language 
was either English or LOTE.  Amplification groups were users of either hearing aids or 
cochlear implants, and those with additional disabilities were categorized in either “Yes” 
or “No” groupings.  A statistically significant positive effect was noted for home 
language, but not for mode of communication, type of amplification, or additional 
disabilities.  The significance of primary language or home language in this study is in 
alignment with what some researchers in the field have reported (Koo et al., 2008; 
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McQuarrie & Parrila, 2014).  A reason-based explanation is that these tests were in 
written English and, therefore, students exposed to spoken and written English in their 
homes performed better than did students exposed to other languages.  Because the 
majority of LOTE families were Spanish-speaking and Hispanic, an additional analysis 
was conducted to confirm that this finding was not a function of ethnicity.  No significant 
difference emerged between Hispanic and non-Hispanic participants in terms of WJ III 
scores.  
Final analysis.  A final multiple regression analysis was conducted, which 
included the original related variables (PDT, MKT, and TOSWRF), as well as 
demographic predictors (age, grade, and home language) as covariates.  No difference 
was found in the new model; morphological knowledge (MKT) remained a statistically 
significant positive predictor of reading comprehension (WJ III) over and beyond the 
other predictors and the covariates.  R-squared for the final model was .82.  Two previous 
studies (Bow et al., 2004; Clark et al., 2011) also found morphological knowledge to be 
an accurate predictor of reading comprehension.  This study found the same results.  
Furthermore, Mayberry et al. (2011) found similar results, that language variables were 
statistically significant positive predictors of reading comprehension for d/Dhh readers.  
 
Implications 
The results of this study showed that phonological knowledge; morphological 
knowledge, silent word reading fluency, and reading comprehension were all related.  
Further analysis showed that the English language-related component of morphological 
knowledge was a statistically significant positive predictor of reading comprehension 
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above and beyond the other predictors.   
This study advances the literature on predictors of reading comprehension for 
d/Dhh students.  The results could help shape future ELA curricula and instruction for 
d/Dhh students.  Although all of the studied variables (phonological knowledge, 
morphological knowledge, silent word reading fluency, and reading comprehension) 
were positively associated with each other, morphological knowledge was the most 
salient predictor.  These findings provide support for the idea that spending more time on 
teaching morphological knowledge during ELA instruction would support reading 
comprehension abilities.  The results showed that all study variables of code-related skills 
and language-related skills were associated and important for instruction.  However, there 
is limited time in a school year for all mandated instruction.  Therefore, a more nuanced 
curriculum could be developed.  An ELA curriculum could be shaped according to how 
much instruction time is needed for each code-related and language-related skill. 
  
Limitations 
One limitation of this study was that it did not investigate all language-related 
structures.  Semantics, syntax, and pragmatics were not included in this study due to time 
constraints.  A second limitation was the homogeneous sample population.  This research 
school site required students to have an 80-decibel hearing loss; therefore, this study did 
not include students with mild to moderate hearing loss.  Furthermore, pure-tone average 
with amplification was not one of the study variables.  Only four students had a 
diagnosed additional disability, and only two students had parents who were Deaf and 
used ASL as the primary language in the home.  All of the students used sign language 
77 
 
(SIMCOM or ASL).  There were no auditory/oral-aural–only participants in this sample 
population.  Caution should be used in generalizing the findings due to lack of variability 
among the participants.  Another limitation of this study was the relatively small sample 
size.  Deafness is a low-incidence disability group.  In general, the field of research for 
d/Dhh individuals has small samples compared to other student groups due to these low 
numbers and access to participants with hearing loss.  
 
Future Directions 
 Future research should address this study’s limitations.  All language-related 
constructs, including semantics, syntax, and pragmatics, should be studied for 
associations and predictors of reading comprehension skills.  This would give a fuller and 
more nuanced picture of all ELA components and goals of the individualized instruction 
program that need to be taught in a d/Dhh student’s school year.  Future research also 
should include participants who are proficient in through-the-air language.  This includes 
spoken English and ASL.  As stated in Chapter 1, most d/Dhh students are learning 
language and reading concurrently, whereas typically developing students learn language 
first through incidental learning during the early childhood years and then learn reading 
in the classroom.  Many d/Dhh students began their school experience without an internal 
primary language and, therefore, are instructed in language and reading simultaneously.  
Future research should include a higher number of participants whose families are ASL 
users to investigate this demographic and its impact on English code-related, language-
related, and reading comprehension abilities.  
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 The assessments used for this study could also be useful tools in future research 
with d/Dhh students.  The adapted PDT was piloted in this study.  This was a pencil-to-
paper task that did not require participants to listen to or articulate words.  It was a 
reliable tool to measure a student’s phonological awareness without the need for hearing 
or speaking.  The PDT also used sight words, which are the high-frequency words found 
in children’s literature.  This allowed for more reliable testing because the words were 
what students were taught in school and saw in their reading, rather than unfamiliar 
words.  The MKT, which was a three-part assessment, was also piloted in this study.  Due 
to the finding in this study that morphological awareness was the most salient predictor of 
reading skills, it is recommended that replication studies using the MKT be conducted.  
By increasing the sample size and variability of d/Dhh participants, the MKT would 
provide more useful information to the body of research on predictors of reading 
comprehension for this population.  
The TOSWRF was also a pencil-to-paper task that did not require students to read 
aloud or sign.  This was a three-minute assessment.  It would be a quick way to assess 
students’ sight word fluency without much disruption to the school day.  In today’s 
school climate for educators of the d/Dhh, time on task is a priority.  Educators must 
balance accountability to general education curriculum and common core state standards 
with the goals and objectives of a student’s individualized instruction program.  These 
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